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Abstract 

A  study  of  the  courtship  and  mating  behavior  of  the  Sharp-tailed 
Grouse  (Pedioecetes  phasianellus  .jamesi)  was  conducted  in  the  prairie- 
parkland  region  of  Eastern  Alberta  during  the  summers  of  1958-1960.  Some 
observations  were  also  conducted  in  Northwestern  Alberta,  where  the  popu¬ 
lation  density  was  greater.  Cocks  were  trapped  with  mist  nets,  and  marked 
with  colored  neck  bands.  Wooden  pegs,  which  were  placed  on  two  dancing 
grounds,  were  used  as  a  guide  when  recording  behavior. 

The  dancing  grounds  and  the  main  behavior  patterns  of  the  cocks 
are  described.  Similarities  between  the  postures  of  the  dance  and  threats 
are  pointed  out.  In  the  spring,  the  number  of  cocks  on  the  dancing  grounds 
was  usually  constant,  due  to  the  tendency  of  the  cocks  to  display  each  day 
from  the  same  territory.  Maximum  numbers  of  females  were  present  during 
the  mating  peak  in  late  April  and  early  May.  The  extent  to  which  females 
released  dancing  behavior  in  the  cocks  depended  on  the  distance  separating 
members  of  the  two  sexes.  A  relationship  was  found  between  the  proportion 
of  dances  done  singly  or  paired,  and  the  tendency  of  the  cocks  to  move 
across  their  territories  during  or  after  each  dance.  Data  pertaining  to 
the  daily  and  yearly  stability  of  the  territories  are  presented.  It  is 
suggested  that  when  territories  are  established,  their  location  and  size 
is  a  function  of  interactions  between  rivals.  Later,  the  territories  are 
stabilized  mainly  by  the  conditioning  of  each  cock  to  a  portion  of  the 
Ground.  Reasons  for  changes  in  the  locations  of  territories  are  suggested. 
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Territory  size  varied  inversely  with  both  the  proportion  of  the  boundary 
that  was  significantly  defended,  and  with  the  proportion  of  a  cock's 
interactions  that  were  directed  towards  the  center  of  the  dancing  ground. 

The  dependence  of  these  relationships  on  dominance  is  discussed.  All 
matings  which  were  observed  occurred  on  the  dancing  grounds.  The  master 
cock  was  responsible  for  most  matings,  hence  it  is  concluded  that  Sharp¬ 
tailed  Grouse  are  polygynous.  The  females  tended  to  occupy  the  territory 
of  the  master  cock.  The  positions  of  the  females  were  determined  by  the 
tendency  of  the  cocks  to  "herd”  them  so  as  to  keep  them  on  their  territories, 
and  by  the  conditioning  of  the  females  to  the  territory  of  the  master  cock. 
Data  are  presented  which  support  the  possibility  that  the  females  on  the 
Grounds  in  late  May  or  in  June  were  there  to  mate  for  a  second  time  due  to 
the  loss  of  their  original  clutches  of  eggs.  The  phylogeny  of  the  behavior 
patterns  associated  with  the  courtship  display,  and  the  reproductive 
significance  of  courtship  and  mating  behavior  in  Sharp-tailed  Grouse  are 


discussed. 
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INTRODUCTION 

The  general  nature  of  the  courtship  behavior  of  Sharp-tailed 
Grouse  (Pedioecetes  phasianellus)  has  been  described  by  many  authors 
(e.g.,  Grange,  1950;  Hart,  Lee,  and  Low,  1950;  Scott,  1950;  Ammann,  1957). 
There  have  been  few  attempts  to  obtain  quantitative  data,  hence  little 
is  known  about  the  social  relations  between  the  members  of  this  species 
during  their  communal  displays.  Mating  behavior,  i.e.,  behavior  per¬ 
taining  to  the  act  of  coition,  has  not  been  studied  in  detail.  The  location 
of  matings,  and  the  identity  of  the  cocks  that  mate  on  the  dancing  grounds, 
have  been  subject  to  much  speculation. 

This  study  was  undertaken  in  an  effort  to  obtain  further  data  on 
both  the  courtship  and  mating  behavior  of  Sharp-tailed  Grouse  (P.  p.  jamesi , 
Lincoln).  Because  populations  in  Alberta  were  high  and  increasing  when  the 
study  was  started,  an  attempt  was  made  to  obtain  data  pertaining  to  the 
factors  governing  population  densities  in  this  species.  It  was  also  hoped 
that  data  pertinent  to  the  management  of  Sharp-tailed  Grouse  in  Alberta 
would  be  obtained.  Only  the  behavior  data  are  presented  in  this  paper; 
the  population  and  management  studies  are  still  being  analysed  at  the 
time  of  writing  (July,  1961). 

Because  of  the  interest  in  populations,  study  areas  were  established 
in  two  regions,  one  in  Northwestern  Alberta,  where  the  population  density 
was  high,  and  another  in  Eastern  Alberta,  where  the  population  density  was 
much  lower.  These  study  areas  were  selected  in  May  of  195&;  observations 
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were  conducted  during  the  months  of  May  through  September  in  1958  and  1959, 
and  from  April  22  to  the  end  of  August  in  I960.  Most  of  this  time  was  spent 
at  Bodo.  A  period  of  approximately  two  weeks  was  spent  at  Wanham  in  May  or 
June  of  each  year.  One  trip  was  made  to  the  Wanham  study  area  in  mid 
February  of  1959)  and  the  dancing  grounds  on  both  study  areas  were  inspected 
briefly  in  April  of  1961. 
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Figure  1 

Mist  nets  set  on  Dancing  Ground  8,  Bodo. 


Figure  2 

Funnel-type  trap,  with  leads,  set  between  a  female 
and  her  brood,  on  the  study  ar^a  at  Bodo. 
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METHODS 

Trapping,  banding,  and  color  marking 

Cocks  Banding  operations  were  conducted  on  the  dancing  grounds  at 
Bodo  in  the  springs  of  1958,  1959,  and  I960.  In  1958,  cocks  were  trapped 
by  flushing  them  into  gill  nets  which  were  strung  up  on  two  sides  of  the 
dancing  grounds.  These  nets  were  not  strong  enough  to  hold  the  cocks, 
however,  so  mist  nets,  with  a  mesh  of  3.94  inches  when  stretched,  were  used 
in  1959  and  I960. 

Two  mist  nets,  each  of  which  was  approximately  eight  feet  high  and 
48  feet  long,  were  strung  between  poles  along  two  edges  of  the  dancing 
ground  (Figure  l) .  They  were  placed  about  two  feet  above  ground  level,  so 
that  any  birds  which  walked  onto  the  dancing  ground  would  not  become  tangled 
in  the  mesh.  The  nets  were  usually  placed  in  position  in  the  evening,  when 
no  grouse  were  present.  After  the  cocks  arrived  on  the  ground  the  next 
morning,  they  were  flushed  towards  the  nets.  The  cocks  usually  returned 
to  the  ground  within  one-half  hour,  hence  it  was  possible  to  flush  them 
towards  the  nets  several  times  each  morning.  There  were  some  instances 
in  which  cocks  were  injured  by  the  nets .  Lacerations  due  to  the  nylon 
strands  of  the  nets  were  eliminated  by  removing  the  birds  immediately  after 
they  were  trapped,  and  holding  them  in  a  burlap  bag  until  they  could  be 
banded  and  released. 

A  numbered  aluminum  leg  band  and  a  colored  neck  band  made  of  vinyl 
plastic,  measuring  0.062  x  0,5  x  9  inches,  were  placed  on  each  cock  that 
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was  trapped.  The  ends  of  the  neck  bands  were  approximately  one  inch  long. 
By  fusing  one  of  six  different  colors  to  one  end  of  each  band,  it  was 
possible  to  provide  each  cock  with  a  different  color  combination,  thus 
making  it  possible  to  recognize  them  individually.  In  this  paper,  banded 
cocks  are  named  according  to  the  colors  of  their  neck  bands,  e.g.,  Y 
denotes  a  grouse  with  a  yellow  neck  band;  0-G  denotes  one  with  an  orange 
and  green  neck  band.  Individual  cocks  that  were  not  banded  are  named 
by  using  the  letter  X  followed  by  a  number,  e.g.,  XI,  X2. 

With  the  exception  of  three  cocks  that  were  not  seen  on  the 
dancing  grounds  after  having  been  trapped,  banding  operations  had  no 
observable  permanent  affect  on  behavior.  Some  cocks  returned  to  the 
grounds  within  one-half  hour  after  having  been  banded;  others  remained 
away  from  the  grounds  for  one  or  two  days.  I  did  not  observe  any  dif¬ 
ferences  in  the  behavior  of  the  cocks  when  they  were  on  the  dancing 
grounds  that  could  be  attributed  to  the  colored  neck  bands.  The  banded 
cocks  displayed  normally,  and  appeared  to  maintain  normal  social  relations 
when  on  '-the  dancing  grounds . 

Females  Female  sharptails  were  banded  during  the  summer  months, 
either  when  they  were  incubating  or  when  they  were  with  their  broods. 

When  a  female  with  chicks  was  found,  she  was  separated  from  her  brood, 
and  a  funnel-type  trap,  made  of  chicken  wire,  was  placed  between  them. 
Leads,  each  approximately  30  feet  in  length,  were  extended  diagonally 
from  each  side  of  the  trap  to  the  left  and  right  of  the  female  (Figure  2). 
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When  the  female  walked  back  towards  her  brood,  she  would  usually  come  in 
contact  with  one  of  the  leads,  and  follow  it  until  she  entered  the  funnel 
of  the  trap.  A  similar  trap,  but  with  leads  reduced  to  only  a  few  inches, 
was  used  to  trap  incubating  females.  When  an  incubating  female  was  found, 
she  was  flushed  from  the  nest,  and  the  trap  was  placed  over  it.  At  any  time 
after  the  female  had  returned  to  her  nest,  she  could  be  picked  up  out  of 
the  trap  and  banded.  This  method  was  used  infrequently,  due  to  the  small 
number  of  incubating  females  that  were  found.  There  were  no  instances  of 
nest  desertion  that  could  be  attributed  to  these  banding  operations. 

Due  to  the  difficulty  of  finding  nests  and  broods,  neither  of  the 
above  methods  are  efficient  in  terms  of  man-hours  per  bird  banded.  It 
was  not  uncommon  to  spend  up  to  three  or  four  days  in  the  field  before  a 
female  was  found  and  banded.  It  would  be  more  efficient  to  trap  females 
on  the  dancing  grounds  in  the  spring,  when  they  are  there  in  large  numbers. 

I  did  not  attempt  this,  however,  as  I  did  not  wish  to  interfere  with 
matings . 

Each  female  that  was  trapped  was  treated  in  the  same  manner  as 
were  the  cocks.  Females  with  bands  were  observed  while  on  the  dancing 
grounds,  while  incubating,  and  while  caring  for  their  chicks.  I  was 
unable  to  detect  any  variations  in  their  behavior  which  could  be  attri¬ 
buted  either  to  the  banding  operations  or  to  the  plastic  neck  bands. 

Census 


The  numbers  of  males  and  females  using  each  of  the  dancing 
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grounds  were  determined  by  direct  counts,  conducted  in  the  mornings, 
during  late  April  and  in  May.  Where  it  was  possible  to  approach  the 
grounds  without  flushing  the  grouse,  the  number  of  cocks  was  recorded 
independently  of  the  number  of  females.  The  sexes  could  be  recognized 
by  their  behavior:  when  females  were  present,  the  cocks  were  usually 
active,  whereas  the  females  were  not.  When  cocks  did  not  dance  for 
periods  of  up  to  five  minutes,  it  could  be  assumed  that  no  females  were 
present.  In  1958,  several  grouse  whose  sex  had  been  determined  by 
behavioral  means  were  collected,  and  their  sex  was  determined  by  inspection 
of  the  gonads.  There  were  no  discrepancies  between  the  two  methods.  In 
addition  to  the  behavioral  means  of  sex  determination,  it  was  usually 
possible  to  differentiate  the  males  from  the  females  on  the  basis  of 
morphology:  inflated  air  sacs  and  brilliant  yellow-orange  eye  patches 
were  present  only  in  the  cocks. 

At  Wanham,  where  no  blinds  were  set  up  near  any  of  the  grounds, 
and  where  the  grouse  often  flew  before  they  could  be  observed  with  bino¬ 
culars,  it  is  possible  that  some  females  were  included  in  the  figures 
which  were  listed  as  cocks.  At  Bodo,  the  dancing  grounds  could  be 
approached  in  an  automobile,  hence  observations  could  be  carried  out  xWiile 
the  grouse  were  displaying.  In  addition,  accurate  counts  of  the  sharp- 
tails  on  Dancing  Ground  S  in  1959  and  I960  and  on  Ground  12  in  I960  were 
obtained  from  blinds  located  on  the  edge  of  the  display  areas.  I  do 
not  think  that  there  we re  any  errors  in  sex  determination  of  the  sharptails 
present  on  these  Grounds. 
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Histological  preparations 

Testes  that  were  used  for  histological  preparations  were 
measured  and  then  placed  in  Bouin’s  fixative  within  10  minutes  after 
the  death  of  each  cock.  The  tissue  was  stored  in  70$  ethyl  alcohol. 

A  portion  of  each  testis  was  cut  into  sections  7/*-  thick.  These 
sections  were  stained  with  eosin  and  Delafield's  hematoxylin. 

Observations 

Most  of  the  behavior  data  were  obtained  from  observations  of 
Dancing  Grounds  8  and  12  at  Bodo.  The  grouse  were  usually  observed  from 
a  blind  on  the  edge  of  the  dancing  ground.  The  presence  of  the  blind 
did  not  appear  to  upset  the  normal  behavior  of  either  sex. 

Colored  wooden  pegs  were  placed  on  two  of  the  dancing  grounds 
in  1959.  The  positions  of  these  pegs  were  marked  on  data  sheets.  During 
the  observation  periods,  movements  of  individual  cocks  were  recorded  on 
these  data  sheets,  as  shown  in  Appendix  I  for  the  cock  Y.  The  times  at 
which  stops  occurred  were  recorded  to  the  nearest  minute.  In  1959, 
the  frequency  of  dancing  was  recorded  for  the  color-marked  cocks  present 
on  Ground  8.  In  addition  to  recording  the  movements  of  color-marked  cocks 
for  continuous  periods,  the  locations  of  these  birds  were  recorded  at 
random  intervals  throughout  the  period  of  observation.  Data  from  unbanded 
cocks  were  recorded  by  observing  the  same  individual  for  a  period  suf¬ 
ficient  to  obtain  a  map  of  the  portion  of  the  ground  on  which  he  displayed. 
The  cock  which  used  this  area  on  subsequent  days  was  assumed  to  be  the 
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same  individual  that  was  present  there  when  the  previous  records  were  taken. 
Because  the  cocks  tend  to  display  on  the  same  area  of  the  ground  each  day, 
this  assumption  is  justified  in  most  instances.  The  locations  of  females 
were  recorded  on  the  data  sheets  at  random  intervals. 

The  area  enclosed  by  the  outer  margin  of  the  pegs  on  Dancing 
Grounds  8  and  12  was  slightly  less  than  10,000  square  feet  (100  x  100  feet). 
The  cocks  that  were  located  near  the  outer  edges  of  the  grounds  sometimes 
displayed  outside  of  the  area  on  which  the  pegs  were  placed,  hence  some  of 
their  movements  were  not  recorded. 

Because  of  the  rapidity  with  which  the  cocks  often  moved,  it  was 
not  always  possible  to  record  accurately  all  of  the  positions  on  the  ground 
that  they  occupied.  It  was  possible,  however,  to  record  with  an  accuracy 
of  approximately  plus  or  minus  one  foot  the  spots  on  the  ground  where  they 
stopped. 

Measurements 

The  area  of  each  cock’s  territory  was  determined  from  the  territory 
maps,  drawn  to  scale,  shown  in  Appendix  II.  These  maps  were  traced  onto 
graph  paper,  and  the  number  of  squares  enclosed  by  the  boundary  were  used 
to  calculate  the  area.  The  errors  inherent  in  this  method  were  less  than 
those  produced  by  the  original  recording  of  the  data.  A  planimeter  was 
used  to  obtain  the  areas  of  each  habitat  shown  in  Figures  3  and  4. 
Measurements  were  taken  from  habitat  maps,  drawn  to  a  scale  of  one-quarter 
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Linear  measurements, which  were  taken  from  the  data  sheets,  were 
obtained  by  using  a  calibrated  map  meter.  Temperatures  were  recorded  from 
a  standard  mercury  thermometer,  placed  in  the  sun,  six  inches  above  ground 
level.  Cloud  cover  and  wind  velocity  were  estimated  by  the  observer. 
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Figure  3 

Habitat  map  of  the  study  area  at  Bodo  showing  the  location  of  the  dancing  ground! 
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STUDY  AREAS 


Bodo  study  area 

Bodo  is  located  near  the  southern  limits  of  the  eastern  portion 
of  the  parkland-prairie  region  of  Alberta  (Moss,  1955).  A  cover  map  of  the 
nine  square  miles  included  in  the  study  area  is  shown  in  Figure  3. 

Although  the  study  area  is  located  in  the  Dark  Brown  Soil  Zone,  much  of 
the  top  soil  contains  little  or  no  humus.  The  habitat  is  characterized 
by  native  grasses  typical  of  the  Festuca  scabrella  plant  association. 

Other  common  species  include:  Western  Snowberry  ( Symphorocarpos 
occidentalis) ,  Wolf  Willow  (Elaeagnus  sp.).  Low  Prairie  Rose  (Rosa 
arkansana) ,  Aspen  Poplar  (Populus  tremuloides) .  and  Prickley  Pear 
Opuntia  spp.)  (Table  I).  Heavily  grazed  areas  contained  Sage  (Artemesia 
spp.).  Most  of  the  area  is  open;  the  stunted  trees  and  shrubs  occur 
mainly  where  the  soil  is  too  sandy  or  the  topography  too  rolling  to 
permit  farming. 

The  precipitation  from  April  through  August  averaged  only  6.6 
inches  in  1958,  1959,  and  I960.  Snowfall,  too,  was  light  in  these  years. 
Summer  temperatures  ranged  from  50  to  90  degrees  Fahrenheit.  In  winter, 
temperatures  as  low  as  -20  degrees  Fahrenheit  were  common. 

I  do  not  consider  the  Bodo  study  area  to  represent  an  example 
of  good  Sharp-tailed  Grouse  habitat:  there  does  not  appear  to  be  sufficient 
heavy  cover  for  use  during  severe  winters,  and  the  undergrowth  is  not 
dense  enough  to  provide  good  summer  cover. 
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Table  I.  Proportions  of  the  study  areas 
habitat  are  predominant. 

on  which  various 

types  of 

Type  of  habitat 

Proportion 

of  study  area 

Bodo 

Wanham 

Aspen  poplar 

10% 

58% 

(Populus  tremuloides) 

Brush 

28 

(Rosa,  Symphorocarpos ,  Elaeagnus) 

Cleared  land,  uncultivated 

6 

(Grass,  shrubs,  trash) 

Cultivated  land 

18 

23 

(Cereal  crops,  legumes,  fallow) 

Grass  land,  not  grazed 

2 

Marsh 

4 

1 

Overgrazed  pasture 

30 

Ponds 

2 

1 

River  valley 

(Poplar,  shrubs,  grass) 

9 

Sand 

(no  vegetation) 

2 

Spruce 

1 

(Picea  spp.) 

Town  site 

1 

Willow 

3 

1 

(Salix  spp.) 

Totals 

100 

100 
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Figure  U 

Habitat  map  of  the  study  area  at  Wanham  showing 
the  location  of  the  dancing  grounds. 
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Wanham  study  area 

Wanham  is  near  the  center  of  the  Peace  River  District  of 
Northwestern  Alberta.  The  study  area  is  characterized  by  cultivated 
land  and  Aspen  Poplar  (Table  1,  Figure  4).  Hills  are  common  through¬ 
out  most  of  the  area,  and  there  is,  in  addition,  a  large  depression 
along  the  north  and  west  sides,  caused  by  the  erosion  of  the  Burnt 
River.  The  soil  is  of  the  Grey  Wooded  type,  which  is  well  suited  to 
agriculture,  at  least  in  this  area,  provided  legumes  are  rotated  with 
cereal  grains . 

No  meteorological  records  were  maintained  on  the  Wanham  study 
area,  but  it  is  known  that  the  average  yearly  precipitation  is  greater 
than  at  Bodo,  and  that  the  winter  temperatures  are  more  severe. 

The  land  on  this  area  has  been  opened  to  farming  within  the 
last  10  years.  The  map  of  the  six  square  miles  included  in  the  study 
area  shown  in  Figure  4  was  made  in  1959.  In  I960,  about  one -half 
square  mile  of  dense  bush  was  removed,  and  a  similar  tract  of  previously 
cleared  land  was  plowed  for  the  first  time.  Because  of  the  clearings 
that  have  been  made,  the  shelter  provided  by  the  valley  of  the  Burnt 
River,  the  narrow  strips  of  bush  that  have  been  left  along  most  of  the 
fields,  and  the  presence  of  a  well-developed  understory,  the  study  area 
at  Wanham  appears  to  be  excellent  habitat  for  Sharp-tailed  Grouse. 
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DANCING  GROUNDS 

Courtship  and  mating  of  Sharp-tailed  Grouse  occur  on  small  areas 
called  "dancing  grounds".  This  term  is  usually  restricted  to  those  areas 
on  which  several  cocks  display  in  proximity  to  each  other,  but  I  prefer 
to  include  all  areas  used  for  courtship  display  or  mating  regardless  of 
the  number  of  cocks  present.  Cocks  that  dance  singly  have  been  termed 
"territorial"  males  by  Hamerstrom  (1940).  I  do  not  believe  this  distinction 
is  warranted,  however,  because  there  is  no  evidence  that  such  cocks  defend 
the  spot  upon  which  they  display.  In  his  description  of  display  areas  in 
the  Greater  Prairie  Chicken  ( Tympanuchus  cupido) ,  Hamerstrom  (ibid)  refers 
to  "casual"  spots,  a  term  which  appears  to  be  synonymous  with  the  "adjunct" 
grounds  discussed  by  Grange  (1950).  The  use  of  "casual"  permits  a  broader 
classification,  as  it  does  not  imply  that  the  area  is  necessarily  in 
association  with  another  ground.  Casual  dancing  grounds  will  be  used  in 
this  paper  to  denote  those  areas  on  which  display  occurs  one  or  more  times, 
but  which  are  not  used  regularly  throughout  all  or  most  of  the  daily  and 
seasonal  display  periods. 

The  locations  of  the  dancing  grounds  at  Bodo  and  Wanham  are  shown 
in  Figures  3  and  4.  The  numbers  assigned  to  these  grounds  do  not  fall 
in  sequence  because  grounds  located  both  on  and  near  the  study  areas  were 
originally  numbered  according  to  the  order  in  which  they  were  found.  As 
may  be  seen  from  Figures  3  and  4,  the  location  and  spacing  of  the  grounds 
within  each  study  area  appears  to  have  been  determined  mainly  by  topography 
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and  vegetative  cover.  The  number  of  grounds  per  unit  area  of  habitat 
varied  directly  with  the  population  density.  The  size  of  the  dancing 
grounds,  which  varied  with  the  number  of  cocks  using  them,  ranged  from 
less  than  10  to  over  4,000  square  yards.  These  relationships  are  sum¬ 
marized  in  Table  II,  which  provides  a  comparison  between  the  dancing 
grounds  on  the  Wanham  and  Bodo  study  areas. 

According  to  the  estimates  of  the  number  of  cocks  present  on 
the  study  areas  during  the  spring  of  I960  (Table  II),  the  density  of 
cocks  at  Wanham  was  five  times  that  at  Bodo.  Similarly,  there  were 
approximately  five  times  as  many  dancing  grounds  at  Wanham  as  at  Bodo. 
Normally,  the  dependence  of  the  number  of  dancing  grounds  on  population 
density  is  less  exact  than  the  figures  for  I960  indicate.  For  example, 
the  number  of  cocks  on  the  study  area  at  Wanham  was  20 %  smaller  in  I960 
than  in  1959,  but  the  number  of  dancing  grounds  was  the  same. 

The  number  of  dancing  grounds  per  square  mile,  listed  in 
Table  II,  are  accurate  only  for  the  areas  on  which  they  were  obtained; 
they  do  not  represent  an  estimate  of  the  density  for  large  continuous 
tracts  of  Sharp-tailed  Grouse  habitat  in  either  Wanham  or  Bodo  districts. 
In  each  of  the  two  districts,  the  density  is  greater  on  the  study  area 
than  it  is  in  most  of  the  adjacent  habitat,  which  contains  either  an 
excess  or  a  lack  of  cover. 

The  literature  contains  few  references  to  dancing  ground  densities. 
Calculations  based  on  the  data  presented  by  Grange  (1950,  Fig.  3,  p.  46) 
indicate  that  a  density  of  .40  grounds  per  square  mile  occurred  in  a 
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Table  II.  Comparison  of  dancing  grounds  at  Bodo  and  Wanham 


Bodo 

Wanham 

Topography.  Proportion  of  grounds  on: 

Knolls  or  elevated  sites 

75% 

46$ 

Flat  areas 

25 

54 

Depressions 

0 

0 

Totals 

100 

100 

Vegetation.  Proportion  of  grounds  in: 

Aspen  poplar  bush 

0 % 

30$ 

Open  grassland  (including  pasture) 

100 

0 

Cultivated  areas 

0 

70 

Totals 

100 

100 

Moisture.  Proportion  of  grounds  on: 

Dry  sites 

100$ 

92$ 

Wet  or  marshy  sites 

0 

8 

Totals 

100 

100 

Number  of  dancing  grounds 

4 

13 

Dancing  ground  density 

0.44/sq.  mi. 

2.17/sq.  mi 

Density  of  males  (i960,  estimate) 

6/sq.  mi. 

30/sq.  mi. 

Largest  ground:  area  (estimate) 

2,500  sq.  yds. 

4,500  sq.  yds. 

Maximum  number  of  males  (i960) 

22 

39 

Smallest  ground:  area  (estimate) 

500  sq.  yds. 

9  sq.  yds. 

Maximum  number  of  males  (i960) 

7 

1 
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35  square  mile  tract  of  Sharp-tailed  Grouse  habitat  in  Wisconsin 
during  the  spring  of  1941.  This  density  is  similar  to  the  one  ob¬ 
tained  on  the  Bodo  study  area,  but  it  is  much  smaller  than  the  density 
of  2.17  grounds  per  square  mile  at  Wanham.  The  density  of  grounds  in 
Michigan  appears  to  be  less  than  at  either  Wanham  or  Bodo:  the  average 
distance  between  dancing  grounds  in  Michigan  is  approximately  one  and 
one-half  miles  (Ammann,  1957),  compared  to  an  average  distance  of  one 
mile  at  Bodo  and  one -half  mile  at  Wanham. 

Dancing  grounds  are  usually  located  on  dry,  open  areas,  often  at 
or  near  the  top  of  a  small  hill  (Table  II).  The  tendency  for  sharptails 
to  display  on  dry,  elevated  sites  has  been  observed  in  Utah  (Hart  et  al. , 
1950)  and  in  Michigan  (Peterle,  1954).  Grange  (1950)  states  that  wet, 
marshy  areas  are  often  used,  but  I  found  only  one  ground  located  on  a 
comparable  site.  The  reason  for  the  large  proportion  of  grounds  at 
Wanham  which  were  located  on  flat  ground  is  not  known;  the  entire  area 
contained  knolls  that  appeared  to  be  suitable  for  the  establishment  of 
dancing  grounds. 

In  areas  where  different  habitat  types  are  present,  there  is  a 
tendency  for  dancing  grounds  to  be  located  on  the  most  open  portions 
of  the  cocks’  home  range.  At  Bodo,  for  example,  where  areas  of  poplar, 
cultivated  land,  and  grasslands  occurred,  dancing  grounds  were  only 
present  on  grasslands.  Hart  et  al.  (1950)  report  a  similar  condition 
in  Utah,  where  43  out  of  52  dancing  grounds  were  found  on  open  grass¬ 
lands.  In  areas  such  as  Wanham,  where  no  natural  grasslands  are  present 
there  is  a  tendency  for  grounds  to  be  located  in  cultivated  fields 
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Figure  5> 

Dancing  Ground  8,  Bodo.  Several  generations  of 
dancing  grouse  have  trampled  runways  in  the  sandy 
soil,  causing  a  transition  in  vegetation  from 
grasses  to  sage. 
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rather  than  in  small  clearings  within  the  trees  (Table  II).  In  contrast 
to  the  paucity  of  heavy  cover  either  on  or  near  the  dancing  grounds, 
there  is  usually  a  wooded  area  within  a  few  hundred  yards  of  them.  The 
average  distance  betx^reen  the  dancing  grounds  and  the  nearest  stand  of 
aspen  poplar  was  175  yards  at  Bodo,  compared  with  an  average  distance 
of  100  yards  at  Wanham. 

Due  to  current  farming  and  ranching  practices,  many  of  the 
dancing  grounds  do  not  contain  the  plant  species  typical  of  the  associ¬ 
ation  in  which  they  occur.  All  of  the  grounds  at  Bodo  are  located  in 
heavily-grazed  pasture  land,  hence  the  normal  bunch  grass  (Festuca 
scabrella)  association  (Moss,  1955)  is  being  replaced  by  sage  (Artemesia 
spp.).  Three  of  the  four  grounds  at  Bodo  contain,  in  addition  to  sage, 
three  shrubs  (Rosa  arkansana,  Symphoricarpos  occidentalis ,  Elaeagnus 
commutata) ,  and  various  species  of  grasses  and  sedges  (Car ex  spp.). 

The  transition  to  sage  is  almost  complete  on  Dancing  Ground  3  (Figure  5), 
where  only  an  occasional  blade  of  grass  could  be  found.  The  predominance 
of  sage  on  this  Ground  is  thought  to  be  in  part  due  to  the  action  of 
the  dancing  grouse,  who  have  trampled  shallow  runways  in  the  sod.  At 
Wanham,  the  dancing  grounds  that  are  located  in  natural  habitat  contain 
mainly  grasses  and  rose  (Rosa  spp.);  some  Aspen  Poplar,  ranging  in 
height  from  a  few  inches  to  several  feet,  is  also  common  on  these  grounds. 
The  cultivated  land,  on  which  most  of  the  dancing  grounds  at  Wanham  are 
located,  is  usually  tilled  and  seeded  to  cereal  grains  each  spring. 
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The  sequence  of  dancing  ground  and  reproductive  behavior  of  Sharp-tailed  Grouse  for  one  year.  Data  from 
various  sources;  see  text. 
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SEASONAL  USE  OF  DANCING  GROUNDS 

Normally,  Sharp-tailed  Grouse  cocks  come  to  the  dancing  grounds 
each  day  during  the  spring,  early  summer,  and  fall  seasons.  They  have 
been  seen  on  the  grounds  in  the  winter  (Peterle,  1954),  but  not  in 
mid-summer.  In  contrast  to  the  males,  female  sharptails  usually  come 
to  the  dancing  grounds  only  during  the  spring  mating  period. 

The  approximate  proportions  of  male  and  female  sharptails  which 
are  typically  present  on  the  dancing  grounds  at  various  times  during  the 
year  are  illustrated  in  Figure  6.  For  comparison,  the  approximate 
duration  of  nesting  an  d  brood-rearing  activities  of  the  females  are 
included.  The  generalizations  listed  below  the  graph  refer  to  the 
events  that  occur  during  each  of  the  six  major  stages  in  dancing  ground 
or  reproductive  behavior.  The  portion  of  Figure  6  that  lies  between 
late  April  and  early  September  is  based  on  my  observations  of  sharptails 
on  the  Bodo  study  area;  the  other  portions  of  the  figure  are  based  on 
published  reports  of  studies  conducted  in  the  Lake  and  Mid-western 
States  of  the  United  States.  Because  of  the  differences  in  the  geo¬ 
graphic  location  of  these  regions,  it  is  unlikely  that  this  figure  is 
representative  of  the  conditions  prevailing  on  any  single  area. 

According  to  Hamerstrom  and  Hamerstrom  (1951),  sharptails  in 
Wisconsin  are  usually  found  along  the  edges  of  heavy  aspen  and  brushy 
cover  during  the  mid-winter  months  of  December  and  January.  At  this 
time,  aggregates  of  sharptails,  which  are  termed  "packs",  were  found  by 
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these  authors  to  contain  an  average  of  45  to  65  birds  each.  These 
packs  were  normally  associated  with  the  colder  periods  of  the  winter; 
on  warm  days  they  tended  to  break  up  into  smaller  flocks .  There  was 
some  evidence  that  the  winter  packs  may  have  been  segregated  on  the 
basis  of  sex.  For  example,  Hamerstrom  and  Hamerstrom  (ibid.)  reported 
that  57  cocks  and  only  six  females  were  trapped  near  dancing  grounds. 

These  trapping  records  not  only  indicate  that  the  sexes  are 
segregated  during  the  winter,  but  also  that  the  cocks  tend  to  remain 
close  to  their  dancing  grounds  at  that  time.  Baumgartner  (1939)  has 
observed  that  some  winter  packs  tend  to  remain  close  to  the  dancing 
grounds,  whereas  others,  "perhaps  winter  migrants,  wander  over  con¬ 
siderable  areas,  sometimes  moving  as  much  as  five  miles  in  a  single 
day."  Large-scale  movements  of  sharptails  during  the  winter  months 
have  been  reported  by  Snyder  (1935) 9  and  by  C4de  and  Buckley  (1953) > 
but  this  behavior  is  not  common. 

On  warm  and  sunny  days  during  the  winter,  male  sharptails  may 
display  on  the  dancing  grounds.  Conversely,  when  the  weather  is 
cold  or  stormy,  they  tend  to  remain  in  their  snow-covered  roosting 
forms  during  most  of  the  day,  usually  leaving  them  only  for  brief 
intervals  in  the  morning  to  feed  (Baumgartner,  1939).  Hamerstrom  and 
Hamerstrom  (1951)  report  instances  where  sharptails  did  not  leave 
their  roosts  all  day  during  stormy  weather. 

In  late  January  and  throughout  February,  when  the  weather 
becomes  warmer  and  the  days  become  longer,  dancing  grounds  are 
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visited  more  regularly  by  the  cocks.  After  the  first  of  March,  they 
are  usually  present  on  the  dancing  grounds  each  morning  and  evening 
(Baumgartner,  1939).  During  the  time  which  the  cocks  are  on  the 
grounds  in  late  winter  and  early  spring,  their  social  behavior  undergoes 
a  transition  from  the  high  frequency  of  fighting  and  lack  of  territorial 
organization  characteristic  of  early  February  (Webb,  personal  communi¬ 
cation),  to  the  low  levels  of  fighting  and  stabilized  territories 
of  late  April. 

Because  the  cocks  may  come  onto  the  grounds  on  warm  sunny  days 
even  in  midwinter,  it  is  difficult  to  state  whether  the  increase  in 
activity  on  the  dancing  grounds  in  late  winter  and  early  spring  is 
primarily  due  to  the  well-known  effect  on  the  avian  testis  of  longer 
days  (see  Rowan,  1938;  Wolfson,  1958),  or  whether  it  is  merely  due 
to  the  increased  frequency  of  suitable  weather*  conditions.  The  effect 
of  weather  conditions  in  governing  dancing  ground  display  during  late 
winter  is  well  illustrated  by  two  observations  of  Webb  (personal  communi¬ 
cation)  :  he  noted  considerable  activity  on  a  dancing  ground  in  Southern 
Alberta  on  February  2,  1958,  during  a  warm  and  sunny  period,  whereas 
there  were  no  sharptails  present  on  the  same  ground  the  following  day, 
which  was  colder  and  stormy.  Similarly,  my  observations  of  dancing 
grounds  located  near  the  Wanham  study  area  in  mid  February  of  1958  show 
that  sharptails  tended  to  display  only  on  days  which  were  sunny  and 
warm. 

When  these  latter  observations  were  made  at  Wanham,  the  testes 
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of  the  males  were  small.  Transverse  sections  made  from  the  testes  of 
four  cocks  collected  at  Wanham  in  February  of  1958  averaged  only  three 
millimeters  in  diameter.  In  addition,  these  slides  showed  that  there 
was  no  sperm  in  the  tubules,  and  that  the  volume  of  interstitial 
material  was  small.  In  May,  gross  measurements  of  eight  cocks'  testes 
shoxved  that  they  averaged  10.1  millimeters  in  diameter.  At  this  time, 
sperm  were  present  in  the  tubules.  In  late  April,  when  the  testes 
were  approximately  the  same  size  as  those  obtained  in  May,  snow  conditions 
and  temperatures  as  low  as  -10  degrees  centigrade  did  not  cause  the 
cocks  to  vacate  the  dancing  grounds  at  Bodo.  Because  light  is  known 
to  be  the  primary  external  factor  responsible  for  regulating  testis 
size  (Wolfson,  1958),  it  is  probable  that  light,  acting  via  the  gonads, 
is  also  the  primary  factor  governing  dancing  ground  attendance.  Weather 
would  thus  be  of  secondary  importance;  its  effect  would  be  most  pronounced 
in  winter  or  early  spring,  when  the  testes  were  small,  and  the  level  of 
androgen  secretion  from  them  was  low. 

The  number  of  male  sharptails  using  the  dancing  grounds  at  Bodo 
each  day  during  the  latter  part  of  April,  all  of  May,  and  most  of  June, 
declined  gradually  as  the  season  advanced  (Table  III).  Apart  from  this 
progressive  decrease,  the  attendance  of  the  cocks  was  usually  constant 
from  day  to  day.  For  example,  the  same  maximum  number  of  cocks  was 
present  on  Dancing  Ground  8  during  each  of  the  five  successive  censuses 
conducted  on  that  ground  between  May  23  and  June  8,  I960. 

A  temporary  decrease  in  the  number  of  males  on  Ground  8  in  1959 
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(Table  III)  is  attributed  to  the  disruptive  effect  of  banding  operations. 
After  three  mornings  of  banding,  the  number  of  cocks  using  Ground  8  was 
reduced  from  20  to  14.  The  number  subsequently  rose  to  18,  and  remained 
at  or  near  that  level  until  at  least  May  26.  Minor  fluctuations  that  did 
occur  between  May  14  and  26  were  due  to  the  periodic  attendance  of  one 
color-marked  bird  that  had  been  unsuccessful  in  establishing  a  territory. 
The  reduction  in  the  number  of  cocks  using  Ground  8  on  May  3  of  I960 
compared  to  April  24  of  the  same  year  is  also  attributed  to  the  disruptive 
effects  of  banding  operations.  Another  cock  was  lost  between  May  3  and  5 
of  the  same  year.  This  latter  bird,  which  was  banded  on  Dancing  Ground  8 
in  1959,  was  not  seen  on  the  study  area  after  May  3,  hence  it  was  probably 
killed. 

Few  censuses  were  made  on  Dancing  Ground  12,  but  the  results  of 
four  counts  taken  on  different  days  between  April  28  and  May  2,  I960, 
(Table  III)  show  that  the  number  of  cocks  using  this  Ground  varied 
little  between  days. 

The  numbers  in  Table  III  which  are  followed  by  an  asterisk  are 
based  on  maximum  evening  or  late  afternoon  counts  of  the  cocks  on  Dancing 
Grounds  8  and  12.  With  one  exception,  these  values  are  similar  to  those 
obtained  from  the  morning  counts. 

The  close  agreement  between  the  census  figures  obtained  on 
different  days  and  at  different  times  during  the  day  shows  that  there 
was  little  variation  in  the  number  of  cocks  using  the  dancing  grounds 
at  Bodo  during  and  after  the  peak  of  mating  activity.  No  cocks  were 
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observed  on  any  other  portion  of  the  study  area  during  the  interval 
when  the  maximum  number  of  cocks  were  on  the  dancing  grounds,  hence 
it  is  concluded  that  the  entire  flock  of  cocks  xvhich  is  normally  associ¬ 
ated  with  a  dancing  ground  is  usually  present  on  it  for  both  the  morning 
and  evening  display  periods. 


Table  III.  Maximum  daily  numbers  of  Sharp-tailed  Grouse  cocks  on  two 
dancing  grounds  at  Bodo. 


Month 
and  day 

Ground  8 

1959 

Ground  8 
I960 

Ground  12 
1960 

Month 
and  dajr 

Ground  8 
1959 

Ground  8 
I960 

April  23 

20 

May  13 

14 

24 

20 

14 

18 

28 

21 

15 

18 

16* 

17 

18 

29 

22 

18 

19 

May  1 

21 

19 

19 

2 

21 

20 

18 

3 

18 

23 

16 

5 

17 

24 

19 

16* 

6 

20 

17 

25 

16 

7 

17 

26 

18 

16* 

12 

14 

27 

16 

June  8 

16 

*  counted  in  afternoon  or  evening 
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The  exact  date  on  which  the  first  females  arrive  on  the  dancing 
grounds  is  not  known,  but  they  are  probably  present  in  small  numbers  in 
early  April  (Figure  6).  On  the  basis  of  a  six-year  study,  Ammann  (1957) 
states  that  "one  or  more  hens  may  be  expected  to  appear  on  the  dancing 
grounds  in  Michigan  at  any  time  [afted  late  March  .  .  .  By  the  latter 
portion  of  April,  I960  hens  were  present  daily  on  the  dancing  grounds 
at  Bodo. 

Female  sharptails  did  not  frequent  the  dancing  grounds  in  equal 
numbers  from  day  to  day.  This  was  especially  evident  on  Ground  12,  where 
21  females  were  counted  on  April  29,  13  on  April  28  and  May  1,  and  21 
on  May  2.  Comparison  of  the  weather  conditions  between  these  days  shows 
that  more  hens  were  present  on  those  which  were  clear  and  calm,  with 
temperatures  well  below  freezing. 

The  large  daily  fluctuations  in  the  number  of  females  present 
on  the  dancing  grounds  were  superimposed  upon  a  broader  seasonal  cycle. 
Few  females  were  present  in  early  April;  maximum  numbers  were  found  on 
the  grounds  during  the  peak  of  mating  activity  in  late  April  and  early 
May.  The  end  of  the  peak  in  mating  activity  was  marked  by  a  gradual 
decline  in  the  daily  attendance  of  the  females,  which  continued  until 
about  the  middle  of  May  (Figure  6).  After  this  date  there  was  usually 
only  an  occasional  female  on  the  grounds  each  morning. 

The  average  number  of  females  present  on  Grounds  8  and  12 
during  successive  weekly  intervals  from  April  20  to  May  31  is  shown 
in  Figure  7»  Data  obtained  from  Ground  8  in  1959  and  I960  is  combined 
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Figure  7 

Maximum  number  of  female  Sharp-tailed  Grouse  present  on  dancing 
grounds  at  Bodo,  during  and  after  the  mating  peak.  Weekly- 
averages  are  based  on  data  from  Ground  8,  1959  and  I960,  and 
Ground  12,  I960. 
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with  those  obtained  from  Ground  12  in  I960.  The  dates  forming  the 
limits  of  each  weekly  interval  in  Figure  7  were  arbitrarily  set  so  that 
one  interval  would  contain  the  maximum  possible  average  number  of 
females.  This  interval  (April  27  -  May  3)  is  considered  to  represent  the 
mating  peak,  i.e.,  the  period  during  which  the  maximum  number  of  actual 
or  potential  mates  were  in  proximity  to  the  cocks  on  the  dancing  grounds. 

Female  sharptails  seldom  visited  the  dancing  grounds  at  Bodo 
in  June.  Correlated  with  this  reduction  in  female  attendance  in  early 
summer,  the  cocks  became  less  and  less  active  during  the  times  they  were 
on  the  grounds.  By  the  end  of  June  or  early  in  July,  the  dancing  grounds 
were  usually  vacant.  The  latest  observation  of  a  hen  on  a  dancing  ground 
at  Bodo  was  June  20.  Males  used  Ground  8  during  the  first  week  of  July 
in  I960,  but  none  were  present  later  in  the  summer. 

When  the  weather  became  cooler  in  early  fall,  the  cocks  returned 
to  the  dancing  grounds  that  had  been  used  the  previous  spring.  The 
earliest  dancing  ground  activity  in  the  fall  at  Bodo  was  August  28, 
in  I960.  Commencement  of  fall  dancing  was  correlated  with  the  onset 
of  near-freezing  temperatures. 

There  is  evidence  that  juvenile  males  may  spend  some  time  on 
the  dancing  grounds  during  the  fall  (Hamerstrom  and  Hamerstrom,  1950) . 
Females  have  also  been  seen  on  the  grounds  in  the  fall,  but  this  is 
not  common  (Ammann,  1957).  By  early  November,  dancing  ground  activity 
has  usually  tapered  off  to  the  low  levels  characteristic  of  winter. 
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Figure  8 

Comparison  of  time  of  sunrise  with  the  arrival  of  the  first  male  and 
female  Sharp-tailed  Grouse  on  the  dancing  grounds  at  Bodo.  The  five 
plotted  values  for  time  of  sunrise  at  Bodo  indicate  the  relevance  of  the 
upper  curve,  which  is  based  on  official  sunrise,  Edmonton. 
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THE  MORNING  DISPLAY  PERIOD 

During  the  spring.  Sharp-tailed  Grouse  cocks  arrived  on  the 
dancing  grounds  each  morning  about  one  hour  before  sunrise.  The 
relationship  between  sunrise  and  the  times  at  which  the  grouse  arrived 
on  the  grounds  at  Bodo  is  shown  in  Figure  8.  No  official  figures 
are  available  for  the  time  of  sunrise  at  Bodo,  hence  the  top  line  in 
Figure  8  is  based  on  times  applicable  to  Edmonton,  Alberta.  The 
plotted  values  representing  the  observed  time  of  sunrise  indicate  that 
the  general  shape  of  the  curve  is  adequate  for  purposes  of  comparison. 

In  addition  to  the  gradual  seasonal  variations  in  the  times 
at  which  the  males  arrived  on  the  grounds,  the  time  of  arrival  often 
fluctuated  between  different  days,  due  to  the  prevailing  weather 
conditions.  For  example,  they  came  to  the  grounds  later  than  expected 
on  days  when  the  wind  was  estimated  to  be  of  medium  or  high  velocity. 

No  rainfall  was  recorded  on  the  study  area  during  the  morning  obser¬ 
vation  periods,  but  the  data  presented  by  Peterle  (1954)  show  that 
in  Michigan,  heavy  rainfall  may  delay  the  arrival  of  the  cocks  by  an 
hour  or  more.  Cloud,  temperature,  and  snow  conditions  had  little 
effect  on  the  time  at  which  cocks  entered  the  grounds  at  Bodo. 

There  were  often  large  variations  between  mornings  in  the 
time  at  which  the  females  entered  the  grounds.  As  shown  in  Figure  8, 
these  variations  were  mainly  due  to  the  late  time  of  arrival  on  five 
mornings.  With  the  exception  of  these  mornings,  the  females  arrived 
an  average  of  about  15  minutes  after  the  cocks,  and  about  45  minutes 
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Average  numbers  of  male  and  female  Sharp-tailed  Grouse  present  on  Dancing  Grounds  8  and  12  at 
successive  ten-minute  intervals  after  the  arrival  of  the  males.  Based  on  counts  obtained  on  ten 
mornings,  during  the  period  of  April  23  to  May  7,  I960. 
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before  sunrise.  Two  of  the  five  exceptions  are  thought  to  be  due  to 
abnormal  weather  conditions:  the  late  arrival  times  on  April  24  and 
May  25  were  associated  with  cold,  dull  weather  produced  by  snow  flurries 
and  fog.  The  time  of  arrival  shown  for  May  17  was  based  on  the  observation 
of  a  single  female  which  landed  on  Ground  8  for  a  period  of  less  than  one 
minute,  hence  it  is  not  a  typical  measure  of  this  phenomenon. 

The  number  of  males  present  on  the  dancing  grounds  tended  to  be 
the  same  or  almost  the  same  throughout  most  of  the  morning  display  period. 
All  of  the  males  were  usually  present  on  the  grounds  within  five  minutes 
of  the  arrival  of  the  first.  In  contrast  to  this  behavior,  the  number 
of  females  present  on  the  grounds  varied  during  the  course  of  any  given 
morning.  The  females  entered  the  grounds  either  singly  or  in  small  groups; 
the  maximum  number  was  present  about  one-half  to  three-quarters  of  an 
hour  after  the  cocks  had  arrived. 

A  comparison  of  the  average  numbers  of  female  and  male  sharptails 
on  the  dancing  grounds  at  successive  ten-minute  intervals  throughout  the 
morning  is  shown  in  Figure  9-  This  figure  is  based  on  the  data  listed 
in  Appendix  III  which  was  obtained  during  ten  mornings  of  observation 
on  Dancing  Grounds  8  and  12  at  Bodo  in  I960.  The  time  intervals  are 
standardized  between  different  days  on  the  basis  of  the  time  at  which 
the  cocks  arrived  on  the  grounds. 

The  majority  of  the  females  were  present  on  the  grounds  for  a 
period  of  less  than  one  hour  (Figure  9).  The  small  decrease  in  the 
average  number  of  males  present  40  minutes  after  they  had  arrived  is 
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not  directly  related  to  the  peak  of  female  attendance  shown  at  this 
time.  The  decrease  in  the  average  number  of  cocks  is  a  result  of  the 
cocks  having  been  flushed  from  one  of  the  grounds  approximately  38 
minutes  after  their  arrival  on  April  23.  As  is  typical  of  their  beha¬ 
vior  when  flushed  early  in  the  morning,  these  birds  soon  returned  to 
the  dancing  ground,  hence  the  subsequent  values  are  not  affected. 

The  decreases  in  the  average  numbers  of  cocks  present  after  a  time 
lapse  of  150  minutes  represent  similar  instances  in  which  all  or  a 
portion  of  the  cocks  were  flushed  from  the  grounds. 

The  time  at  which  sharptails  of  either  sex  left  the  dancing 
grounds  in  the  morning  was  variable.  Females  had  usually  left  the 
grounds  within  one-half  hour  after  sunrise,  but  exceptions  to  this 
behavior  were  common.  The  departure  time  of  the  males  depended  to 
some  extent  on  the  weather,  and  also  on  the  frequency  with  which 
potential  predators  appeared  on  or  near  the  grounds.  On  dark,  cold, 
and  snowy  days,  such  as  were  common  on  the  study  area  in  late  April 
of  I960,  the  males  tended  to  remain  on  the  grounds  throughout  the 
entire  day.  On  bright  sunny  days  they  had  usually  departed  by  7:00 
or  8s 00  A.M.  The  presence  of  hawks  or  other  potential  predators 
usually  resulted  in  the  males  leaving  the  dancing  grounds.  When  this 
occurred  after  the  major  portion  of  the  morning  display  period  was 
past,  they  often  remained  away  from  the  ground  until  evening. 
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BEHAVIOR  OF  THE  COCKS 


Behavior  patterns 

The  dance  An  excellent  account  of  the  dancing  Behavior  of 
the  Columbian  Sharp-tailed  Grouse  (P.  p.  columbianus)  in  Utah  is  given 
by  Hart  et  al.  (1950) .  This  description  is  in  agreement  with  Ammann's 
(1957)  report  of  the  subspecies  campestris  in  Michigan,  and  corresponds 
in  essence  to  my  observations  of  P.  p.  jamesi  at  Bodo.  According  to 
Hart  et  al.  (1950),  dancing  alternates  "with  periods  of  complete  inacti¬ 
vity,  as  the  birds  squat  or  stand  motionless."  The  inactive  period  is 
termed  "freezing"  by  these  authors.  They  also  point  out  that  "during  the 
most  active  part  of  the  .  .  .  courtship  season,  the  alternating  periods 
of  dancing  and  'freezing'  are  approximately  equal’1,  while  later  on  in 
the  day  or  season  "the  dances  grow  shorter  and  the  periods  of  inactivity 
grow  longer  .  .  .  ."  From  the  data  obtained  on  the  study  area  at  Bodo 
during  the  mating  peak  in  I960,  it  is  evident  that  when  the  intensity  of 
the  display  is  at  or  near  maximum  levels,  the  cocks  tend  to  dance  actively 
for  several  seconds,  followed  by  a  similar  period  of  quiescence.  This 
latter  period  is  characterized  by  a  rigid  posture  similar  to  that  of  the 
active  phase  (compare  Figures  10a,  10b).  When  hens  are  present  on  the 
dancing  grounds,  the  cocks  seldom  stop  in  a  squatting  posture;  later  in 
the  morning,  when  dancing  activity  wanes,  they  may  do  so  more  frequently. 

Because  the  active  as  well  as  the  passive  ("frozen")  portions  of 
the  display  consist  of  essentially  the  same  postures,  I  consider  both  of 
them  to  be  integral  parts  of  the  dance.  During  the  more  active  portions 
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a.  Cock  presenting  front  view  of 
eye  patches  and  outstretched 
wings  to  female.  Active 
phase  of  dance. 


b.  Cock  passing  in  front  of 
female.  Eye  patch  and  neck 
sac  are  conspicuous. 
Quiescent  phase  of  dance. 


c.  Cock  moving  past  female. 
White  feathers  of  under 
tail  coverts  are  prominent. 


d.  Cock  anproaching  female  from 
behind.  If  hen  squats, 
coition  will  occur.  If  non- 
receptive,  hen  usually  moves 
away  from  cock. 


Figure  10 

Sham-tailed  Grouse  cock  displaying  to  a  female  on  Dancing  Ground  12,  Bodo. 
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of  the  display  period,  the  dance  continues  uninterrupted,  with  active 
and  passive  phases  alternating  rapidly.  When  the  general  level  of 
activity  subsides,  the  active  phase  of  the  dance  becomes  less  frequent. 

At  this  time,  the  passive  phase  becomes  reduced  to  a  brief  period  before 
and  after  the  end  of  the  active  stage. 

Dancing  cocks  display  either  singly  or  in  pairs.  Their  movements 
during  the  active  phase  of  the  dance  are  orientated  towards  the  females 
whenever  these  are  present  on  the  dancing  grounds  (Figure  10) .  Parts 
a,  b,  c,  and  d  of  Figure  10  illustrate  the  manner  in  which  a  cock  tends 
to  dance  around  the  hen,  presenting  either  an  oblique,  side,  or  posterior 
view  to  her.  When  the  birds  are  in  the  positions  shown  in  parts  a  and  b 
of  Figure  10,  the  cock’s  inflated  purple  air  sac  and  bright  yellow-orange 
tissue  above  the  eye  are  presented  to  the  female;  as  he  moves  on  past  the 
female  (Figure  10c),  the  white  undertail  coverts  are  displayed  to  her. 

In  addition  to  these  movements,  the  cock  may  pass  behind  the  female,  often 
moving  in  close  to  her  as  if  to  copulate  (Figure  lOd).  When  the  female 
is  nonreceptive,  she  usually  moves  away  whenever  the  cock  approaches  to 
within  a  foot  or  less. 

Dancing  is  usually  associated  only  with  mature  sharptail  males, 
but  females  are  physiologically  capable  of  a  similar  display.  On  the 
study  area  at  Bodo,  a  female  danced  briefly  when  one  of  her  two-week 
old  chicks  was  picked  up.  Seton  (1940)  reported  that  a  brood  of  15 
captive  "prairie  chickens"  were  seen  dancing  shortly  after  hatching. 

It  is  probable  that  at  least  some  of  these  chicks  were  females. 
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Seton’s  observation  also  shows  that  this  behavior  may  occur  before  the 
birds  are  sexually  mature,  although  it  is  rarely  if  ever  done  under 
natural  conditions  before  the  juveniles  are  approaching  maturity. 

Three  major  sounds  are  associated  with  the  sharptail  dance: 
two  are  vocal,  and  one  is  made  primarily  by  the  rapid  vibration  of  the 
rectrices  and  tail  coverts.  This  latter  sound,  described  by  Hart  et  al. 
(1950)  as  a  "dry  whirring  sound",  is  especially  evident  throughout  the 
spring  display  period.  During  early  September,  before  the  rectrices  have 
been  replaced  after  the  post-nuptial  moult,  the  vibrating  tail  coverts 
produce  a  much  softer,  rustling  sound.  Only  one  of  the  two  vocalizations 
that  occur  during  the  dance  can  be  heard  at  distances  exceeding  a  few 
yards.  This  sound  was  described  by  Ammann  (1957)  as  a  "shrill  staccato 
•kilp’  or  'chilk’."  The  other  sound,  described  by  Grange  (1950)  as 
"a  very  musical,  liquid,  rather  low  noise",  can  only  be  heard  at  close 
range.  It  is  probable  that  the  distended  air  sac,  which  acts  as  a 
resonating  chamber,  contributes  to  the  tonal  quality  of  this  sound 
(Grange,  ibid.) . 

Threat  postures  During  and  after  the  mating  peak,  postural  and 
auditory  threats  are  common  on  the  dancing  grounds.  As  is  typical  of 
most  animal  species  (Tinbergen,  1953),  these  threats  have  tended  to 
supplant  actual  combat  as  the  primary  form  of  agonistic  behavior.  When 


fights  do  occur,  they  are  usually  preceeded  and  followed  by  threats. 

Tinbergen  (1951)  has  pointed  out  that  some  structures  and  postures 


“«•  ™  io:;;  T  -r®  '  ^  -,pxrcv;.ir  -  r. 

' 

:U  :  - 

■»  I.r  '■ 


eir'!'<lU  ^  -ion.fr  :  10  ,<■■<■«  ms  ir  ■  ,ri- ..-.iv 

1 

-°r’  j- •*  cff'o  .s  . c?eD  fiA  v  et 


'  ' 


,  •• 

,  '■  '-1  . 

' 

I  V. 


a.  Intensive  threat.  Posture  ba  Undirected  threat, 

similar  to  ouiescent  phase 
of  dance. 


c.  Threat  posture  common  when¬ 
ever  two  cocks  face  each 
other  across  their  territory 
boundary. 


d.  Diminutive  threat.  Common 
near  the  end  of  the  daily 
display  period. 


Figure  11 

Threat  postures  of  Sharp-tailed  Grouse  cocks 
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may  be  associated  with  both  sexual  and  threat  behavior.  It  is  probable 
that  the  dance  of  the  sharptail  is  an  example  of  a  behavior  pattern  which 
shows  this  type  of  dual  function.  In  addition  to  its  more  normal  role  as 
a  sexual  display,  the  dance  may  serve  as  a  threat  when  it  is  directed 
towards  another  cock. 

Figure  11  illustrates  four  additional  postures  that  are  con¬ 
sidered  to  be  threats  on  the  basis  of  their  close  association  with  open 
conflicts  between  cocks.  Further  evidence  indicating  that  these  are 
true  threats  comes  from  the  work  of  Sharp  (1957) »  who  recorded  several 
conflicts  at  winter  feeding  stations  between  sharptails,  prairie  chickens, 
and  pheasants .  According  to  this  author,  "the  preattack  posture  of  the 
sharp-tailed  grouse  is  very  similar  to  its  dancing  form.  The  body  is 
slightly  crouched  and  tipped  forward;  the  head  and  neck  [are)  extended, 
and  the  tail  [is]  held  rather  erect."  With  the  possible  exception  of 
the  distended  air  sac,  the  posture  shown  in  Figure  11a  is  in  agreement 
with  Sharp’s  description.  Comparispn  of  Figures  10a  and  11a  indicates 
the  affinity  between  the  dance  and  threat  postures.  Parts  b,  c,  and  d 
of  Figure  11  appear  to  represent  less  intense  variations  of  the  normal 
threat  posture. 

Threat  postures  are  usually  directed;  they  most  frequently 
occur  when  two  or  three  cocks  face  each  other  across  the  common  boundary 
between  their  territories.  Figure  lib,  however,  represents  an  example 
of  undirected  threat,  with  no  clearly  defined  recipient. 

Any  one  of  the  four  threat  postures  illustrated  in  Figure  11 
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may  be  observed  whenever  the  males  are  on  the  dancing  grounds,  but  they 
tend  to  be  most  typical  of  the  times  when  no  females  are  present.  The 
posture  shown  in  Figure  lid  is  associated  mainly  with  the  tapering  off 
of  activity  that  occurs  towards  the  end  of  the  daily  or  seasonal  display 
periods.  This  posture  appears  to  be  a  very  mild  threat:  the  neck  is  not 
extended  as  it  is  in  threats  that  occur  when  the  cocks  are  more  active. 

Few  sounds  are  emitted  during  the  times  when  sharptails  threaten 
each  other  across  their  territory  boundaries,  but  one  vocalization  occurs 
in  combination  with  the  posture  shown  in  Figure  11c.  When  paired  in  this 
manner,  either  one  or  both  of  the  cocks  may  produce  a  high-pitched, 
continuous  series  of  short  "cha-cha-cha-cha"  notes,  punctuated  with  short 
pecks  delivered  to  the  other  bird. 

Fighting  Actual  fights  between  sharptails  were  seldom  observed 
during  or  after  the  peak  of  mating  activity.  When  fights  did  occur, 
they  ranged  from  an  occasional  peck  (see  Threat  postures)  to  more  vigorous 
combats  involving  rapid  attacks  (Figure  12a),  severe  pecking,  feather 
pulling,  and  an  occasional  jump  into  the  air. 

Hart,  et_  al.  (1950),  in  their  description  of  the  jumping  that 
occurs  during  fights  in  the  Columbian  sharptail,  state  that  the  birds 
"suddenly  spring  into  the  air,  bump  breasts  and  wings,  and  fall  back 
with  wings  fluttering  to  preserve  their  balance."  A  typical  mode  of 
attack  is  for  one  cock  to  move  partially  around  the  other,  and  either 
deliver  a  severe  peck  from  this  position,  or  move  forward  while  holding 
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a.  Two  cocks  fighting  at  their 
territory  boundary. 


b.  ^osture  of  cock  when  emitting 
a  "hoot” . 


c.  Two  cocks  "loafing"  near 
their  territory  boundary. 


d.  Alarm  reaction.  The  painted 
boards  had  no  anparent  effect 
on  the  behavior  of  the  cocks. 


Figure  12 

Four  behavior  patterns  of  Sharp-tailed  Grouse  cocks  when  on  the  dancing 
grounds , 
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onto  the  feathers  located  along  the  dorsal  cervical  or  interscapular 
regions  of  the  victim.  A  similar  form  of  attack  has  been  found  to  be 
effective  in  inter-specific  combat  between  sharptails  and  pheasants 
(Sharp,  1957). 

Hoot ing  Hooting  was  described  and  named  by  Grange  (1950). 

It  is  one  of  the  more  common  sounds  emitted  by  Sharp-tailed  Grouse 
cocks  when  they  are  on  the  dancing  grounds .  Hooting  is  done  from  a 
solitary,  standing  position;  the  neck  is  at  least  partially  extended, 
exposing  the  inflated  air  sac  (Figure  12b) .  The  exact  significance  of 
hooting  is  not  known,  but  by  analogy  to  the  "boom1'  of  the  closely  re¬ 
lated  prairie  chicken,  it  is  possible  that  it  may  serve  to  advertise 
to  the  hens,  the  location  of  the  cocks.  Scott  (1950),  considers  that 
this  sound,  which  he  describes  as  a  "coo-o",  is  used  mainly  as  a 
challenge  to  rivals. 

Loafing  In  contrast  to  the  activity  associated  with  dancing, 
fighting,  and  threat  displays,  portions  of  the  cocks’  behavior  are 
characterized  by  almost  complete  inactivity.  These  inactive  periods 
are  most  common  during  the  warmer  portions  of  the  morning  and  evening 
display  periods,  but  they  may  also  occur  infrequently  at  other  times. 
When  inactive,  the  birds  normally  sit  either  in  pairs  (Figure  12c) 
or  singly,  with  feathers  fluffed,  neck  withdrawn,  and  eyes  open  or 
closed.  This  form  of  behavior,  which  is  termed  "loafing”,  was  never 
observed  when  females  were  present  on  the  dancing  grounds. 
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Alarm  When  the  males  show  alarm,  they  stand  in  an  upright 
posture,  with  neck  extended;  the  feathers  are  pulled  down  as  if  in 
preparation  for  flight  (Figure  12d).  This  behavior  is  common  whenever 
the  cocks  prepare  to  leave  the  Ground  due  to  the  approach  of  a  potential 
predator.  When  the  alarm  reaction  occurs  on  the  dancing  grounds,  it  is 
not  usually  accompanied  by  any  vocalizations. 

Vocalizations  The  major  vocalizations  which  may  be  heard  on 
the  dancing  grounds  are  described  above,  under  the  headings  corres¬ 
ponding  to  the  behavior  patterns  which  they  normally  accompany.  One 
additional  call  which  is  commonly  produced  is  the  "gobble"  (Ammann,  1957) . 
This  call  is  not  confined  to  the  dancing  ground;  it  may  also  be  produced 
by  cocks  perched  in  nearby  trees.  It  is  probable  that  the  gobble,  like 
the  hoot,  serves  to  indicate  to  the  females  the  whereabouts  of  the  dancing 
ground. 

Daily  routine 

Males  usually  walked  onto  the  dancing  grounds  in  the  morning, 
after  having  flown  or  walked  to  the  margins  of  the  area.  Instances  in 
which  they  flew  directly  onto  the  central  portion  of  the  grounds  were 
observed,  but  these  were  exceptional.  Upon  arrival,  the  cocks  typically 
went  to  their  territories.  When  this  necessitated  passing  through  the 
territory  of  another  bird  that  was  already  on  the  ground,  minor  fights 


often  ensued. 


■> 


-  o 


■  n 

I 


/♦  In* 


o 

o 


o 

rO 


c 

o  •» 
to 
co 

•p  x) 
C  C 

©  p 

e  o 

©  *-i 

>  o 


K 

v-/ 

S 

bO 

C 

•H 

•H 

O 

4) 

C 

£ 

oj 

o 

-P 

O 

rO 

«  -O 

O 

<0 

-P 

• 

-P 

c 

C 

o 

© 

•H 

CO 

-P 

© 

O 

o3 

rH 

u 

(X 

O 

4) 

«  * 

P 

© 

(jD 

Sh 

C 

© 

2 

co 

•H 

£ 

< 

1 — 1 

CO 

CO 

^3 

© 

o 

© 

o 

( — 1 

ro 

03 

j3 

o 

o 

0$ 

£ 

»  # 
in 

E 

bO 

© 

•H 

© 

h- 

c4 

CO 

3 

o 

o 

s 

S-. 

o 

o 

* 

o 

XI 

"d 

Q  0 

© 

c 

in 

1 — 1 

•H 

o 

o< 

-P 

bO 

ctf  *H 

J3  O 
CO  c 
oj 

«H  X 

o 

© 

>5  X 
-P  -P 
•H 

>  4n 


*- 

-p 

O  cm 

Clj  <M 

O 

bO 

C  t5 

O 

•H  C 

ro 
•  •> 

ro 

O  03 
C 

0}  O 
a  -p 

Bodo.  May  14,  1959. 


39 


There  was  a  brief  but  intensive  period  of  dancing  associated 
with  the  arrival  of  the  males,  followed  by  a  gradual  decline  in  activity 
(Figure  13).  The  activity  then  remained  at  a  low  level  until  the  birds 
were  stimulated  by  the  arrival  of  either  the  females  or  cocks  which 
previously  had  been  flushed  from  the  ground. 

The  levels  of  dancing  activity  plotted  in  Figure  13  are  based 
on  data  recorded  during  one-minute  periods,  at  successive  15  minute 
intervals  during  the  morning.  One  point  was  registered  when  one  or 
more  cocks  were  dancing  at  the  beginning  of  any  ten-second  interval  during 
each  minute.  Thus,  the  maximum  possible  score  for  each  sample  is  seven. 
Figure  13  includes  data  from  only  May  14,  1959,  but  it  is  indicative  of 
the  cocks'  behavior  on  most  mornings.  An  initial  burst  of  dancing 
activity  followed  by  a  reduction  to  much  lower  levels  has  also  been 
reported  for  sharptails  in  Michigan  (Peterle,  1954),  and  in  Utah  (Hart 
et  al.,  1950) « 

The  high  levels  of  dancing  activity  shown  in  Figure  13  are 
associated  with  the  return  of  several  cocks  to  the  dancing  ground.  In 
some  instances,  the  arrival  of  a  single  cock  caused  dancing  activity 
to  be  increased  to  similar  levels.  For  example,  the  resident  cocks 
became  more  active  on  five  of  the  six  occasions  that  the  color-marked 
cock  Y-W  appeared  on  Dancing  Ground  8  in  1959  during  periods  when  no 
females  were  present. 

The  arrival  of  a  male  did  not,  however,  always  produce  an 
increase  in  dancing  activity.  The  birds  usually  remained  inactive 
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when  a  peripherally  located  cock  returned  to  his  territory  after  having 
moved  several  hundred  feet  off  the  dancing  ground  in  pursuit  of  females 
that  had  walked  away  from  the  display  area.  Although  complete  records 
were  not  maintained,  it  is  evident  that  these  conflicting  results  are 
due  mainly  to  the  manner  in  which  the  cocks  entered  the  dancing  grounds. 
Dancing  activity  was  usually  increased  whenever  sharptails  of  either 
sex  flew  or  walked  quietly  onto  the  grounds  without  any  accompanying 
threat  postures.  When  a  male  walked  or  ran  onto  the  ground  with  out¬ 
stretched  neck  and  wings  partly  raised,  no  increase  in  dancing  activity 
ensued. 

The  arrival  of  females  was  always  associated  with  an  increase 

in  dancing  activity.  In  contrast  to  the  brief  duration  of  dancing 

when  the  males  arrived,  the  initial  surge  of  dancing  activity  was 

maintained  at  high  levels  throughout  the  periods  that  the  females  were 

present.  Dancing  decreased  to  low  levels  only  when  they  were  no  longer 

visible  on  or  near  the  grounds. 

During  and  shortly  after  the  mating  peak  in  I960,  the  amount 

of  dancing  on  Ground  8  at  Bodo  was  approximately  eight  times  as  much 

when  the  females  were  present  as  when  they  were  absent.  This  estimate 

was  obtained  by  using  the  same  procedure  as  was  used  in  the  compilation 

was 

of  Figure  13.  Data/ obtained  from  thirty  two  one-minute  observations 

that 

of  dancing  activity/ were  made  when  females  were  on  the  Ground;  72  one- 
minute  observations  were  made  when  there  were  no  females  present. 

Average  indices  of  dancing  activity  obtained  from  these  data  were: 
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Females  present,  5.25;  females  absent,  0,66. 

The  high  levels  of  dancing  associated  with  the  presence  of 
females  occurred  not  only  during  the  peak  of  the  mating  season,  but 
also  later  in  the  spring.  This  is  shown  in  Table  IV,  which  is  based 
on  data  obtained  from  Dancing  Ground  8  on  the  morning  of  May  25,  I960. 
The  values  in  column  four  of  t.his  table  represent  the  average  number 
of  seconds  per  minute  that  one  or  more  cocks  danced.  One-minute 
observations  were  made  every  five  minutes  during  the  intervals 
listed  in  column  one. 

Table  IV.  Relationship  between  the  presence  of  female  Sharp-tailed 
Grouse  on  the  dancing  grounds  and  the  dancing  activity 
of  the  cocks.  Based  on  data  from  Ground  8,  May  25,  I960, 

16  cocks  present. 


Time 

A.M. 

Number  of 
samples 

Females 

present 

Seconds  danced 
per  minute 

3:30 

-  4:30 

13 

0 

0 

4:35 

-  5:05 

7 

1 

22 

5:10 

-  5:15 

2 

2 

33 

5:20 

-  5:40 

5 

3 

32 

5:45 

-  5:50 

2 

2 

26 

5:55 

-  6:15 

5 

1  (off  edge  of 
ground) 

5 

6:20 

-  6:35 

4 

1 

33 

6:40 

-  6:45 

2 

1  (off  edge  of 
ground) 

8 
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In  addition  to  illustrating  increases  in  dancing  due  to  the 
presence  of  females,  the  data  presented  in  Table  IV  also  gives  some 
indication  of  the  effect  of  the  females 1  position  on  the  ground  relative 
to  that  of  the  males.  The  average  number  of  dances  per  minute  shows 
a  decided  drop  during  those  times  when  the  single  female  known  to  be 
present  was  located  beyond  the  edge  of  the  ground,  rather  than  in 
close  association  with  the  cocks.  The  number  of  females  present  had 
little  effect  on  the  amount  of  dancing,  provided  one  or  more  were 
located  on  the  main  portion  of  the  ground. 

The  decline  in  dancing  that  occurred  when  there  was  a  female 
on  the  edge  but  not  near  the  center  of  the  ground  suggests  that  the 
tendency  for  the  dance  to  be  elicited  by  a  female  depends  on  the 
distance  separating  her  from  the  cocks.  Evidence  supporting  this  was 
obtained  in  I960,  when  a  dummy  Sharp-tailed  Grouse  was  used  to  elicit 
dancing  behavior  on  Ground  8,  Bodo.  On  the  afternoon  of  May  23,  when 
no  live  females  were  present  on  the  Ground,  the  dummy  was  placed  in 
a  crouching  position  on  the  territory  of  a  color-marked  cock,  Y-B. 

This  cock  danced  almost  constantly  for  a  period  of  35  minutes.  Apart 
from  a  brief  display  immediately  after  their  arrival  on  the  Ground, 
the  other  males  were  relatively  inactive  during  this  same  time.  It 
thus  appears  that  the  dummy  provided  an  adequate  stimulus  when  it  was 
close  to  a  cock,  but  not  when  it  was  farther  away. 

In  contrast  to  the  behavior  of  Y-B  on  May  23,  this  same  bird 
showed  little  apparent  interest  in  the  dummy  on  the  afternoon  of  May  24. 
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It  is  probable  that  this  was  a  result  of  sexual  satiation,  as  Y-B  had 
mounted  the  dummy  75  times  in  35  minutes  the  previous  day.  A  similar 
condition  prevailed  during  the  early  morning  of  May  25,  when  Y-B  did 
not  dance  around  the  dummy  between  3:41  and  4:39  A.M.  After  this  period 
of  inactivity,  a  live  female  entered  the  Ground,  and  within  five 
minutes  Y-B  began  to  dance  around  the  dummy.  Although  these  data  are 
not  conclusive,  they  do  illustrate  that  the  physiological  and  psycho¬ 
logical  factors  which  govern  the  cocks’  responses  to  varying  degrees 
of  stimulus  intensities  may  be  modified  by  previous  behavior. 

The  unaccompanied  dances  of  Y-B  on  May  23  show  clearly  that 
the  active  dancing  of  one  bird  is  neither  a  necessary  nor  a  sufficient 
stimulus  to  elicit  dancing  in  adjacent  birds,  at  least  under  the 
conditions  of  the  experiment.  When  females  are  present,  however,  the 
stimuli  produced  when  one  cock  begins  to  dance  may  serve  to  synchronize 
the  phases  of  the  dance  between  different  cocks.  According  to  Scott 
(1950),  coordination  of  the  dance  is  maintained  by  the  master  cock,  i.e., 
the  cock  that  performs  most  of  the  matings  that  occur  on  a  given  dancing 
ground.  Conversely,-  Hart  et  al.  (1950)  state  that  "the  periods  of  dancing 
or  'freezing'  .  .  .  seem  to  be  up  to  the  whim  of  any  of  the  sharp-tails." 
My  observations  at  Bodo  suggest  that  both  of  these  views  are  correct  in 
part:  the  majority  of  the  cocks  began  the  active  phase  of  the  dance 
almost  simultaneously.  The  first  bird  to  begin  dancing  appeared  to 
initiate  dancing  in  the  others.  Because  the  master  cock  was  the  most 
active  bird  on  the  dancing  ground,  he  led  the  dance  more  often  than 
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did  any  of  the  other  cocks. 

Although  the  males  tend  to  dance  concurrently  during  the  peak  of 
spring  activity,  this  behavior  is  less  common  towards  the  end  of  the 
daily  and  seasonal  display  periods  (Ammann,  1957) .  A  reduction  in  the 
coordination  between  different  dancing  cocks  xvas  evident  at  Bodo  in 
late  May.  At  this  time,  one  or  more  individuals  began  the  dance,  then 
others  joined  in  at  irregular  intervals.  Similarly,  they  stopped 
dancing  at  irregular  times.  Because  of  the  different  times  at  which 
the  cocks  participated,  individuals  danced,  on  the  average,  less  than 
one-third  of  the  time  that  dancing  was  in  progress  on  the  grounds. 

The  number  of  seconds  per  minute  during  which  individuals  danced  and 
the  seconds  per  minute  in  which  one  or  more  cocks  danced  were  recorded 
at  successive  five-minute  intervals  from  3:31  to  4:25  A.M.  on  May  27, 
I960.  A  different  individual  cock  was  chosen  at  random  for  each  of 
the  23  one-minute  observations  that  were  made.  Average  values  obtained 
from  these  data  showed  that  individuals  danced  only  ten  seconds  per 
minute,  compared  to  35  seconds  per  minute  for  the  cocks  as  a  whole. 

In  addition  to  the  level  of  dancing,  two  other  measures  of 
male  activity  were  found  to  be  influenced  by  the  attendance  of  the 
females.  Table  V,  (columns  4,  5»  and  6),  shows  the  number  of  dances 
per  minute,  the  distance  moved  per  minute  for  each  of  five  males,  and 
the  number  of  interactions  per  minute  with  adjacent  cocks.  The  data 
was  obtained  on  four  different  mornings,  but  the  values  shown  for 
individuals  both  when  females  were  present  (Part  A)  and  when  they 
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were  absent  (Part  B)  are  based  on  the  observations  of  a  single  morning. 
Due  to  the  periodic  arrivals  and  departures  of  the  females  in  late  May, 
the  data  used  for  parts  A  and  B  of  Table  V  were  obtained  at  alternating 
intervals  throughout  the  period  of  observation.  Because  of  this,  the 
differences  between  Parts  A  and  B  may  be  attributed  directly  to  the 
effect  of  the  females  rather  than  to  the  time  of  day  at  which  the 
observations  were  made. 

The  average  number  of  dances  per  minute  (Table  V,  column  4) 
when  females  were  on  the  Ground  was  more  than  ten  times  the  number  of 
dances  per  minute  when  no  females  were  present.  This  compares  favorably 
with  the  eight-fold  increase  obtained  from  the  comparison  of  the  dancing 
activity  of  the  cocks  when  under  similar  conditions  (see  p.  40 ) .  The 
similarity  in  the  results  obtained  by  the  two  methods  indicates  that 
the  sample  size  used  in  Table  V  is  sufficient  to  serve  as  a  basis  for 
estimating  the  effect  that  the  presence  of  females  had  on  other  forms 
of  the  cocks'  activity. 

As  shown  in  columns  5  and  6  of  Table  V,  both  the  distance  moved 
and  the  number  of  interactions  were  greater  whenever  there  were  females 
on  the  Dancing  Ground.  On  the  average,  the  number  of  feet  per  minute 
increased  by  almost  three  times;  the  number  of  interactions  per  minute 
was  more  than  doubled.  These  increases  did  not  represent  independent 
responses  to  the  presence  of  the  females:  the  rate  at  which  a  bird  moved 
across  his  territory  and  the  number  of  times  he  paired  with  other  cocks 
were  dependent  on  the  frequency  and  duration  of  dancing.  The  relation- 
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Table  V.  Activity  of  Sharp-tailed  Grouse  cocks.  Data  from  Dancing 
Ground  8,  Bodo.  1959. 

A.  One  or  more  females  present 


Date 

Cock 

Sample 

length 

minutes 

Dances 

per 

minute 

Feet  moved  Interactions 
per  per 

minute  minute 

Proportion 
dances  in 
isolation 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

May  18 

0-R 

27 

1.96 

17 

.59 

.75 

19 

R-B 

40 

1.32 

11 

.70 

.62 

19 

Y-B 

60 

1.70 

14 

.58 

.72 

20 

W 

15 

1.13 

12 

.27 

.82 

26 

x- 

32 

1.19 

18 

.69 

.68 

Average 

35 

1.51 

14 

.57 

.71 

B.  No 

females  present 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

May  18 

0-R 

84 

.46 

4 

.43 

.77 

19 

R-B 

46 

.09 

3 

.17 

.50 

19 

Y-B 

44 

.0 

4 

.16 

20 

W 

135 

.07 

9 

.24 

.50 

26 

x- 

81 

.04 

6 

.21 

1.00 

Average 

78 

.14 

5 

.24 

.71 

•saq 
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ship  between  dancing  and  distance  moved  is  due  to  the  tendency  of  the 
birds  to  move  from  one  portion  of  their  territory  to  another  between 
or  during  the  dances.  The  high  frequency  with  which  cocks  moved  across 
their  territories  during  the  periods  when  they  were  dancing  resulted 
in  an  increase  in  the  number  of  paired  interactions  at  that  time. 

Although  the  presence  of  females  altered  the  frequency  of 
dancing,  it  did  not  significantly  affect  the  ratio  of  dances  done  while 
facing  another  cock, which  may  be  termed  "dances  while  paired,"  compared 
to  those  done  from  an  isolated  position  on  the  cock*s  territory,  which 
are  termed  "dances  in  isolation."  On  the  average,  71  per  cent  of  the 
dances  were  dances  in  isolation,  both  when  females  were  present  and 
when  they  were  absent.  As  shown  by  the  values  in  column  7  of  Table  V, 
the  proportion  of  dances  in  isolation  varied  between  different  cocks. 

The  variations  that  occurred  when  no  females  were  present  is  probably 
due  to  errors  of  sampling,  as  dances  occurred  infrequently  at  that 
time.  I  do  not  know  if  more  extensive  date  would  enable  one  to  point 
out  the  existence  of  significant  differences,  due  to  the  presence  of  fe¬ 
males,  in  the  proportions  of  dances  in  isolation,  but  the  similarity 
between  the  two  proportions  (.75  and  .77)  for  0-R  suggest  that  they 
would  not.  This  cock  danced  an  average  of  .46  times  per  minute  during 
the  time  he  was  observed  when  no  females  were  present,  hence  the 
number  of  dances  (39)  during  this  period  probably  represents  an 
adequate  sample. 

The  small  amount  of  variation  in  the  average  values  representing 
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the  proportions  of  dances  in  isolation  suggest  that  these  proportions 
may  be  a  stable  characteristic  of  the  dance,  regardless  of  the  rate  at 
which  it  proceeds.  This  stability  appears  to  be  due  to  a  more  funda¬ 
mental  characteristic  of  the  dance,  i.e.,  cocks  rarely  dance  on  the 
same  portion  of  their  territory  twice  in  succession.  The  relationship 
between  these  two  variables  is  especially  evident  when  females  are 
present  on  the  dancing  grounds.  At  this  time,  each  stop  that  a  male 
makes  on  his  territory,  as  well  as  movements  between  different  parts 
of  the  territory,  are  usually  accompanied  by  a  dance.  The  total  number 
of  dances  in  isolation  thus  depends  on  the  number  of  times  a  cock  moves 
across  his  territory  and  the  number  of  times  he  stops  in  isolation  as 
opposed  to  stopping  in  front  of  a  rival.  The  frequency  with  which 
dances  occur  while  the  male  is  paired  is  determined  by  the  number  of 
times  he  arrives  in  front  of  another  male. 

When  a  bird  is  paired  and  subsequently  moves  to  pair  with  a 
different  bird,  he  dances  once  in  isolation,  while  he  is  moving  across 
his  territory,  and  once  when  paired  while  he  faces  the  rival.  If  he 
moves  from  in  front  of  this  rival  to  an  isolated  stopping  point,  and 
then  moves  again  to  pair  with  a  second  rival,  he  would  dance  three 
times  in  isolation,  i.e.,  once  when  stopped  in  isolation,  and  once 
each  of  the  two  times  he  moves  across  the  territory.  He  would,  in 
addition,  dance  once  when  paired,  while  facing  the  second  rival.  Thus, 
the  proportion  of  dances  done  in  isolation  is  related  to  the  proportion 
of  times  a  cock  stops  opposite  a  rival  compared  to  the  proportion  of 
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Figure  14 

Diagramatic  representation  of  the  relationships  between  isolated  and 
paired  stops,  and  the  number  of  dances  done  in  isolation  compared  to 
those  done  while  paired*  A  represents  isolated  stops,  B  represents 
stops  in  front  of  one  or  more  rivals.  The  arrows  represent  movements 
between  stops.  The  number  below  the  point  B  represents  the  number  of 
dances  while  paired.  All  other  numbers  represent  dances  in  isolation. 
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times  that  he  stops  in  isolation. 

The  relationships  between  the  proportions  of  dances  in  isolation 
or  dances  while  paired,  and  the  proportions  of  a  cock's  stops  that  are  in 
isolation  or  in  front  of  another  bird  are  illustrated  in  Figure  14.  In 
this  figure,  the  point  A  represents  isolated  stops,  i.e.,  those  times 
that  a  cock  stops  when  not  paired  with  another.  The  point  B  represents 
paired  stops,  i.e.,  those  times  that  a  cock  stops  when  he  is  in  front 
of  another.  Instances  in  which  a  cock  stops  in  front  of  two  others  are 
also  represented  by  B. 

The  arrows  leading  from  A  and  B  represent  actual  movements 
across  the  bird's  territory.  When  a  bird  is  stopped  in  an  isolated 
position  (A),  he  may  either  move  to  another  isolated  position,  as  shown 
by  the  arrow  on  the  extreme  left  of  the  diagram,  or  he  may  move  across 
his  territory  and  stop  in  front  of  another  cock,  as  shown  by  the  arrow 
leading  from  A  to  B.  When  a  bird  is  paired  (B),  he  may  either  move  across 
his  territory  and  stop  again  in  front  of  the  same  or  another  bird,  as 
indicated  by  the  arrow  on  the  extreme  right  of  the  diagram,  or  he  may 
move  away  from  the  rival  and  then'  stop  in  isolation.  This  latter  move¬ 
ment  is  represented  by  the  lower  arrow,  which  leads  from  B  to  A.  The 
four  arrows  thus  represent  all  of  the  possible  movements  across  a 
territory  that  a  cock  may  make  when  moving  from  one  stopping  point  to 
another. 

From  Data  obtained  on  Dancing  Ground  8  in  I960,  it  was  found 
that  the  frequency  of  isolated  stops  was  .42,  and  the  frequency  of 
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paired  stops  was  .58.  From  these  frequencies,  it  may  be  estimated  that 
out  of  every  100  stops  that  a  cock  makes,  42  will  be  in  isolation,  and 
58  will  be  while  paired.  These  values  are  listed  below  points  A  and  B 
in  Figure  14.  The  numbers  marked  beside  the  arrows  in  this  figure  indi¬ 
cate  the  number  of  times  out  of  100  stops  that  the  type  of  movement 
represented  by  the  arrow  was  done.  If  the  first  stop  in  any  series  of 
stops  is  neglected,  then  for  a  series  of  100  recorded  stops  there  must 
be  100  movements  between  stops.  Because  of  this,  the  numbers  representing 
movements  in  Figure  14  must  total  100.  Since  a  bird  rarely  stopped  in 
isolation  twice  in  succession,  the  values  shown  beside  the  arrow  leading 
from  A  directly  back  to  A  is  zero.  Since  the  cock  stopped  42  times  in 
isolation,  he  must  have  moved  both  to  and  from  an  isolated  position  42 
times.  The  number  of  these  movements  is  indicated  by  the  values  listed 
beside  the  arrows  leading  to  A  from  B,  and  from  A  to  B.  Since  the 
number  of  movements  must  total  100,  it  follows  that  the  value  beside  the 
arrow  leading  from  B  directly  back  to  B,  which  represents  the  number  of 
times  the  cock  moved  from  one  paired  stop  to  another  paired  stop,  must 
equal  100  -  (42  +  42),  or  16. 

It  is  assumed  in  Figure  14  that  a  cock  dances  each  time  he  stops, 
and  also  that  he  dances  while  moving  from  one  stopping  point  to  another. 
The  positions  where  dancing  occurs  are  shown  by  the  small  letters  '’d1' 
placed  beside  each  of  the  numbers  in  the  figure.  Since  movements  across 
the  territory  are  done  while  the  cock  is  not  paired,  all  dances  that 
are  done  when  these  movements  occur  are  dances  in  isolation.  In  addition. 


-  ■  '.n  e*rr i:  ?■  cd&  ;  •.  J  -  -v  .  *AI  ?*  : %  , ' 

■■  <  ''■i 55  - 

■!  «qq«  '  '  ; a  *  t-wxa  o :  '  scf  •  **e©'-  ‘ b  A  .n  :1 

:  ■  ll»ll  l.U,  Q  •'  i«jhDC(  •:  '•/c::  "V'sn  ;>  -sjyrr,  srf  .  O.iv  sj  •. 

"  ;  ‘  A  bw  :;  i  <,  <6  ffisrl  A  ...  j  ^nJb  31,  e  n*fa  ©cM-  >foieei 

*  ;  :■  1  -y  '  '  i  ,/  1  •'  r  ■  r  .  .  \  ,.>• 

^  *e*wn-erf.  >**.  ;q-  v  *8  •  t  yh  y  xUoe  rl^  8  ^  §ni:te.*I  worfa. 

i  :  .-•■  "  K-vf;,'  V:,j  .:  y  r  . 

taqoi&  a  if  ,,c  < 'it  ssonaJb  Anas  J.-irij  AX  mr}5i  n  ■:  tan»*£  .u  il 

!-  ©  •  './•  :iv.,v. 'B  9'i£  ru-.:  ,:,  ;±:v  y-5  j/xodw  c.n'old'1  ^oq 

>**•  :  .9'vj'p:"’r  -,l  miaoum-siti  ■  rb#*  ■  tj. -r  ■<  r>;-- iq 

di '  tfiii'.  i  ■■;  }}"■  xed-  ?■•  d ; 


51 


all  dances  done  while  the  cock  is  stopped  in  an  isolated  position 
(A)  are  dances  in  isolation.  Hence,  the  total  number  of  dances  in 
isolation  shown  in  Figure  14  is  42  +  42  +  42  +  16  =  142.  The  number 
of  dances  while  paired  shown  in  Figure  14  is  58.  The  total  number 

of  dances  shown  in  Figure  14  is  142  +  58  »  200.  Of  this  total, 

142/200  «  .71  were  done  in  isolation. 

The  value  representing  the  proportion  of  dances  in  isolation 
obtained  from  Figure  14  is  the  same  as  the  average  proportion  of  .71 
listed  in  Table  V.  An  exact  agreement  between  the  two  proportions 
would  not  normally  be  expected,  as  there  are  discrepancies  between  the 
assumptions  made  in  the  compilation  of  Figure  14  and  the  actual  behavior 
of  the  cocks.  For  example,  two  factors  are  present  in  the  data  which 
are  neglected  in  the  diagram:  Males  did,  on  occasion,  stop  more  than 
once  in  isolation  before  pairing.  Also  dancing  did  not  always  accom¬ 
pany  each  stop  or  each  movement  across  the  territory.  These  two 
factors  produce  opposite  effects  on  the  proportion  of  dances  done  in 
isolation,  hence  when  the  two  occur  in  approximately  equal  proportions, 
they  do  not  significantly  affect  the  accuracy  of  the  calculations  based 
on  the  diagram  in  Figure  14. 

The  agreement  between  the  calculated  and  observed  proportions 
of  dances  done  in  isolation  indicates  that  the  behavior  acts  that  ac¬ 
company  the  dance  occur  in  frequencies  that  are  almost  as  stereotyped 
as  are  the  postures  of  the  dance  itself.  I  believe  that  the  regularity 
with  which  these  various  patterns  occur  provides  the  basis  for  the  stable 
social  organization  of  the  dancing  grounds  from  day  to  day  throughout 
the  spring  display  period. 
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TERRITORY 

Territory  as  used  in  animal  studies,  has  been  defined  as  any 
area  which  is  defended  (Noble,  1939;  Nice,  1941).  An  individual  estab¬ 
lishes  a  territory  by  attacking  or  threatening  and  driving  away  any 
other  members  of  the  same  species  that  compete  for  the  area.  When  a 
territory  is  established,  it  will  remain  intact  only  as  long  as  its 
owner  continues  to  repel  any  attempted  encroachments  into  it.  A 
territory  is  thus  an  area  on  which  the  owner  never  loses  to  an  aggressor; 

it  is  a  successfully  defended  area.  Whenever  an  individual  is  unable 

an 

successfully  to  defend  all  or  a  portion  of  such/area,  it  is  by  definition 
no  longer  a  part  of  his  present  territory. 

The  boundary  separating  the  territories  of  two  members  of  the 
same  species  is  rarely  fixed,  but  tends  to  fluctuate  within  limits 
characteristic  of  the  species  and  environment.  Small  fluctuations  in 
territory  may  in  part  be  due  to  random  variation  in  the  spatial  relation¬ 
ships  between  the  aggressor  and  defender  before  and  during  a  conflict, 
but  most  changes  in  the  size  or  shape  of  a  territory  appear  to  reflect  a 
change  in  the  tendencies  of  the  territory  holder  to  attack,  of  the 
aggressor  to  flee,  or  of  both.  The  territory  boundary  represents  the 
point  in  space  where  these  two  tendencies  are  in  balance  between  two 
rivals  (Hinde,  1961),  at  least  in  species  whose  territorial  behavior 
depends  on  both  the  present  behavior  of  two  rivals  and  the  extent  to 
which  learned  dominance  relations  between  individuals  governs  responses. 
In  species  whose  territorial  behavior  is  stabilized  by  the  conditioning 
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Figure  15 

Relationship  between  area  of  territory  and  the  number  of  interactions  used  to 
plot  the  territories  of  two  color-marked  Sharp-tailed  Grouse  cocks  present  on 
Dancing  Ground  8,  Bodo,  in  1959. 
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of  each  individual  to  its  own  territory  rather  than  by  learned  dominance 
relations,  the  behavior  of  two  rivals  at  a  given  instant  may  have  very 
little  influence  on  the  location  of  their  territories;  the  balance  be¬ 
tween  the  tendencies  to  attack  and  to  flee  may  have  been  present  only 
when  the  territories  were  first  established. 

• 

Basis  for  territory  delineation 

By  late  April,  most  Sharp-tailed  Grouse  territories  were  estab¬ 
lished:  instances  of  attacking  and  fleeing  were  few;  the  agonistic 
behavior  of  rivals  appeared  to  be  in  balance.  Whenever  paired  inter¬ 
actions  occurred,  both  of  the  rivals  involved  normally  engaged  in 
threat  postures,  directed  at  each  other  from  stationary  positions.  The 
locations  on  the  dancing  ground  of  these  paired  interactions  are  assumed 
to  indicate  the  position  of  the  territory  boundary  between  adjacent  cocks 
shifts  in  the  location  of  these  interactions,  whether  from  hour  to  hour 
or  from  day  to  day,  indicate  a  changing  boundary. 

The  minimum  number  of  interactions  required  for  determining 
the  boundary  of  each  individual  territory  on  Dancing  Ground  8,  at 
Bodo,  was  not  established.  As  shown  in  Figure  15,  the  measured  area 
of  a  given  territory  increases  as  an  exponential  function  of  the  number 
of  interactions  on  which  the  measurements  are  based.  There  was  no  sig¬ 
nificant  increase  in  area  of  the  territory  of  Y  when  it  was  based  on  75 
interactions  as  compared  to  45 •  X^  *  1.42;  X^  (p  *  ,05)  «  3.84.  The 
similarity  in  the  shape  of  the  curves  for  Y  and  Y-R  (Figure  15)  indicates 
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that  a  sample  of  45  interactions  is  adequate  for  obtaining  a  reliable 
estimate  of  territory  size.  The  slight  increase  in  the  measure  of  terri¬ 
tory  size  obtained  by  using  more  than  35  locations  of  interactions  indi¬ 
cates  that  samples  as  small  as  35  or  40  would  not  produce  any  major  errors 
in  the  estimate  of  territory  area. 

The  location  of  40  or  more  interactions  each  were  plotted  for 
seven  of  the  eight  cocks  that  were  surrounded  by  others,  i.e.,  the  cen¬ 
trally  located  cocks,  on  Dancing  Ground  S  in  I960.  The  locations  of 
only  19  interactions  were  obtained  for  the  cock  X7,  hence  the  estimated 
area  of  his  territory  is  probably  too  small.  I  believe  that  the  error 
in  the  measurement  of  this  cock’s  territory  is  not  sufficient  to  warrant 
the  exclusion  of  this  data  from  the  analysis  of  territory  size:  most  of 
the  plotted  boundary  bears  a  normal  spatial  relationship  to  those  adjacent 
to  it  (see  Figure  19) . 

The  delineation  of  the  territories  of  the  cocks  that  were  not 
surrounded  by  others,  i.e.,  the  peripherally  located  cocks,  is  less 
accurate  than  for  the  centrally  located  cocks.  As  shovm  in  Table  VI, 
the  number  of  observed  interactions  for  six  of  these  birds  was  less  than 
the  sample  size  of  40  obtained  for  the  centrally  located  cocks.  Although 
the  smaller  sample  size  may  detract  from  the  accuracy  with  which  the 
territories  of  the  peripheral  cocks  was  measured,  it  is  probably  not 
significant  because  of  a  larger  error  caused  by  the  lack  of  interactions 
on  the  portions  of  their  territories  that  were  not  adjacent  to  those 
of  other  males.  The  outer  limits  of  the  peripheral  cocks'  territories 
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could  be  established  only  by  the  presence  of  each  bird  on  his  area. 

Some  of  these  cocks  used  a  definite  territory  at  all  times,  making  it 
possible  to  measure  their  territories  accurately.  Others  tended  fre¬ 
quently  to  move  several  yards  away  from  the  main  portion  of  the  ground, 
thus  reducing  the  accuracy  with  which  their  territories  could  be  measured. 
Despite  these  variations,  however,  I  believe  that  with  one  exception,  the 
territories  of  all  of  the  cocks  present  on  Dancing  Ground  8  in  I960  were 
sufficiently  stable  at  the  time  they  were  measured  to  justify  the  analyses 
based  on  the  data  obtained  from  them.  The  cock  R  shifted  his  position 
on  the  Dancing  Ground  during  the  spring  of  I960,  hence  the  outer  limits 
of  his  territory  were  not  clearly  defined.  Because  of  this,  the  territory 
attributed  to  R  is  not  included  in  the  analysis  of  territory  size. 

Due  to  the  uneven  distribution  of  paired  interactions  at 
different  points  around  the  boundaries  of  the  territories,  even  a  large 
number  of  observations  often  failed  to  provide  data  sufficient  to 
delineate  the  exact  location  of  the  entire  boundary.  Whenever  this 
occurred,  a  first  approximation  of  the  maximum  territory  was  obtained 
by  connecting  the  outermost  points  with  a  straight  line.  Portions 
of  the  boundary  for  which  a  greater  sample  size  was  available  were 
marked  off  by  joining  the  outermost  points  located  in  each  15  degrees 
of  arc  measured  around  the  periphery.  This  technique  made  it  possible 
to  take  into  account  the  many  indentations  in  the  boundaries  which 
would  be  undetected  if  only  the  outermost  points  were  connected  through¬ 
out.  The  minimum  territory  was  obtained  in  a  similar  manner,  but  with 
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the  innermost  rather  than  the  outermost  points  being  connected. 


Table  VI.  Numbers  of  paired  interactions  that  were  used  to  plot  the 

territory  size  of  the  cocks  on  Dancing  Ground  8,  Bodo,  I960. 


Cock 

Paired 

interactions 

Cock 

Paired 

interactions 

Y 

42 

XI 

41 

X5 

32 

X4 

40 

R-W 

30 

Y-3 

51 

X9 

23 

0-G 

41 

X6 

16 

X7 

19 

G-W 

57 

G 

41 

X3 

55 

X2 

42 

X8 

28 

B 

70 

R 

16 

Although  each  cock  usually  remained  within  the  limits  of  his 
maximum  territory  during  the  time  that  he  was  on  the  Dancing  Ground, 
it  was  not  uncommon  to  observe  a  cock  walking  or  dancing  a  few  feet  be¬ 
yond  these  limits.  The  extent  of  these  short  movements  outside  of  the 
defended  area  do  not  represent  the  limits  of  the  cock's  home  range,  but 
they  do  mark  the  extent  of  the  total  area  xd.thin  which  a  cock  may  be 
expected  to  display.  A  measure  of  the  total  display  area  used  by  a 
cock  was  obtained  by  tracing  the  most  peripheral  movements  of  the  cock 
onto  a  single  master  sheet;  the  outer  margin  of  such  a  composite  record 
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was  assumed  to  be  an  estimate  of  the  cock's  total  display  area.  Whenever 
the  locations  of  paired  interactions  xvere  found  to  lie  outside  of  the 
total  display  area,  this  latter  was  corrected  outwards  to  coincide  with 
the  maximum  territory  boundary.  Corrections  were  also  made  in  the  terri¬ 
tory  boundaries  on  the  basis  of  the  total  display  area  data:  the  straight 
lines  connecting  the  outer  points  of  interaction  were  discounted  when 
they  extended  beyond  the  limits  of  the  total  display  area,  and  the  two 
were  made  conterminous.  When  these  two  corrections  were  taken  into 
account,  it  was  found  that  the  outline  of  the  total  display  area  and  the 
maximum  territory  boundary  were  usually  the  same  throughout  most  of  their 
length. 

An  illustration  of  the  spatial  relationships  between  territory, 
total  display  area,  and  their  constituent  parts  is  shown  in  Figure  16, 
which  shows  a  schematic  territory  and  also  the  territory  occupied  by  the 
cock  I  on  Dancing  Ground  8  in  1959.  The  heavily  shaded  area,  which 
encompasses  all  of  the  plotted  interactions,  is  termed  the  "area  of  inter- 
action.  The  outermost  margin  of  the  area  of  interaction  encloses  the 
maximum  territory;  the  inner  margin  marks  the  furthest  point  of  unrepelled 
advances  into  the  display  area  by  adjacent  cocks,  hence  it  delineates  the 
minimum  territory.  Any  portion  of  the  territory  boundary  may  fluctuate 
within  the  limits  of  the  defended  area.  The  area  lying  between  the 
margins  of  the  maximum  territory  and  the  total  display  area  are  the 
result  of  periodic  movements  that  are  not  accompanied  by  the  equilibrium 
state  characteristic  of  normal  paired  interactions.  Since  these  movements 
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into  an  adjacent  territory  do  not  represent  defense  of  a  bird’s  own 
area,  it  is  probable  that  they  are  acts  of  aggression  directed  towards 
the  adjacent  cock.  This  marginal  portion  of  an  individual’s  display 
area  is  termed  "the  area  of  aggression".  This  area  is  represented  in 
Figure  16  by  light  shading.  Another  area,  which  is  really  a  subdivision 
within  the  minimum  territory,  is  produced  whenever  the  area  of  aggression 
of  one  cock  overlaps  with  the  minimum  territory  of  another.  For  the 
latter  bird,  this  area  of  overlap  becomes,  functionally,  an  area  which 
is  at  all  times  successfully  defended  from  the  direct  aggression  of 
another  cock.  The  remainder  of  the  minimum  territory  is  defended 
indirectly  by  threats  or  direct  attacks  that  take  place  in  the  area  of 
interaction,  hence  it  is  termed  the  ’area  of  indirect  defense".  Each  of 
the  shaded  areas  shown  in  Figure  16  represents  a  stage  in  the  degree 
to  which  a  territory  holder  either  attacks  or  flees:  the  equilibrium 
associated  with  the  cock’s  behavior  in  the  area  of  interaction  forms 
a  transition  between  the  conditions  present  on  the  minimum  territory, 
where  the  defensive  acts  of  the  territory  holder  are  always  greater 
than  the  aggressive  acts  of  the  adjacent  cock,  and  the  area  of  aggression, 
where  the  cock’s  aggressive  acts  are  not  sufficient  to  balance  the  defense 
of  the  other. 

Territory  stability 

Sharp-tailed  Grouse  tend  to  defend  the  same  portion  of  the 
dancing  ground  during  and  after  the  mating  peak  each  spring*  In  addition. 
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Figure  17 

Maps  of  the  maximum  territories  of  four  color-marked  Sharp-tailed  Grouse 
cocks,  showing  the  similarity  between  two  different  years  in  the  location 
of  the  territories  relative  to  the  dancing  ground  as  a  whole. 
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their  territories  may  be  in  approximately  the  same  location  for  two  or 
more  successive  years,  both  in  the  spring  and  in  the  fall.  During  each 
daily  display  period,  there  are  usually  minor  shifts  of  from  a  few  inches 
to  txtfO  or  three  feet  in  the  locations  of  territory  boundaries,  but  these 
shifts  are  usually  not  sufficient  to  be  considered  examples  of  changes 
in  territory  location.  The  regularity  with  which  each  cock  defends  his 
territory  provides  the  basis  for  the  daily  and  yearly  spatial  stability 
that  is  characteristic  of  the  entire  dancing  ground.  When  juvenile 
cocks  establish  territories  on  dancing  grounds  that  are  already  in  use, 
the  continuity  of  the  dancing  ground  over  a  period  of  several  years 
is  usually  assured. 

At  Bodo,  territories  were  almost  always  the  same  from  day  to 
day  during  the  mating  period.  For  example,  the  territories  of  the  ten 
color-marked  cocks  present  on  Ground  8  in  the  spring  of  1959  were  the 
same  in  June  as  they  were  in  mid  May.  Five  of  these  birds  returned  to 
Dancing  Ground  8  in  both  the  fall  of  1959  and  the  spring  of  I960;  they 
displayed  in  approximately  the  same  location  each  time.  In  Figure  17, 
the  maximum  territories  used  by  four  of  the  five  color-marked  cocks 
that  were  present  in  both  1959  and  I960  are  shown  in  outline.  The 
territory  boundaries  for  I960  are  superimposed  over  those  of  1959. 

With  the  exception  of  the  cock  Y,  whose  territory  shifted  about  25 
yards  towards  the  center  of  the  Ground,  the  territory  boundaries  for 
the  two  years  show  a  remarkable  degree  of  similarity. 
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Although  the  most  striking  feature  of  the  territories  is  their 
high  degree  of  stability,  exceptions  to  this  typical  condition  are  common, 
especialljr  on  poorly  established  dancing  grounds  and  in  areas  where  the 
population  density  is  not  constant.  Conditions  associated  with  a  lack 
of  territory  stability  include  displacement  or  loss  of  a  bird  from  his 
territory,  disruption  of  the  cocks  by  potential  predators  or  habitat 
changes,  minor  shifts  in  the  location  of  the  dancing  ground,  and  the 
establishment  of  a  new,  or  the  abandonment  of  an  old,  dancing  ground. 

I  observed  only  one  example  of  a  territory  change  that  was  not  associated 
with  one  or  more  of  these  conditions,  and  this  exception  was  due  to  ab¬ 
normal  circumstances:  the  cock's  leg  was  accidentally  broken  during  the 
banding  operations  in  I960.  Because  of  this  injury,  his  territory  was 
soon  reduced  in  size;  in  the  spring  of  1961,  he  occupied  only  a  small 
area  at  the  periphery  of  the  ground. 

Several  examples  of  the  appearance  and  disappearance  of  dancing 
grounds  have  been  recorded  in  the  literature  (Arnmann,  1957;  Grange,  1950; 
Peterle,  1954).  All  of  the  dancing  grounds  on  the  study  area  at  Bodo 
remained  constant  in  location  from  1958  to  1961,  but  one  ground  located 
near  the  study  area  contained  five  cocks  in  1958  and  none  during  the 
subsequent  years  of  the  study.  This  ground  appears  to  be  an  example 
of  one  which  was  poorly  established,  with  too  few  resident  cocks  to 
provide  for  its  continued  use  in  1959  when  the  population  declined. 

The  loss  of  the  cocks  from  a  small  dancing  ground  at  Wanham  in  I960 
was  associated  with  a  similar  decrease  in  population  density.  The 


t-  ■  ?■ ;  ■  ti'  J  ■:>.  &■:.  i  :Ai~  :  ■  c.  ayt- : 

'  '  .  5  ‘3  -  ■  :  'itftc  •  ;  ’J  :  cr  ■  •■:  ;  :  ,  rrf r,  ,,!■-•  ,  r 

'  "  .  ■  ■ 

*  ^  -t-'  t ^ Cl y  '  in  •  .  id-:  9;i-  ■  ;  ttr.  :f  -i-Tri:;' !-.iee 

fc9d-.»ico.  ion  8BV.  i4ri.‘  -i»  tWixi'saJ  *  1c  --rr  v,Xxo  b^n&zdo  I 

.  :  ,  ■ 

. 

!■•  b  !2X  :  V:.  ;vniue '  sn'i  ..f;  /■■*■■'.;  ;:  '  •  •: -•.•&'•!  10O8 

rC:H  t  t  .  '  -  .  . 'c'J*  ti  tA  —  •; '  •  3 Jil  D.::i  ,fc  *■  1  •■  .©•.  •  /sec  .v  .!.  zbtajot% 

'..ou  f;e*tc  \;bw  c,  io  i>  "ct?:  .... -ionjsfo  sii  i  j  LLA  {  M ..  ■  -I-*- .--i 

. 

V 

:.'i;  tb  .  ©.  ••  vv  r  i  bra.  .  /  b-  .a. '5  '■  -rtf  .  ;.se,f. 

0 

o&  e).  .  v:,  f  e:  ?:iss*i  we  ■  oi  '.frv  "-.ilia  ft;  . '  x  ,  ,  ■  ,  r;-.  ■  •  ,  io 

n-.v. it-  :  7oc  'cevi'-tv  °v  \.Z  o;v;  ;;.ti  i:ol  ccbtvo^q 

' .V'  ?I.«i  ipdft.  15  L»fl.  ■•■:.  ;  fit:  '  IX-cinB  ■  rrcy/'i  erfac-.-  /  •  ,-fj 


61 


loss  of  the  majority  of  the  birds  from  a  dancing  ground  does  not  always 
result  in  the  abandonment  of  the  area,  however,  as  illustrated  by  the 
presence  of  a  single  cock  on  Ground  9  at  Wanham  during  the  springs  of 
1960  and  1961. 

I  found  only  one  example  of  a  new  dancing  ground:  number  17, 
at  Wanham,  in  I960.  This  Ground  contained  eight  cocks  in  I960,  and 
none  in  1961.  It  was  located  less  than  one-quarter  of  a  mile  from 
Ground  9,  which  contained  16  cocks  in  1959,  and  only  one  in  I960. 

These  birds  were  not  banded,  but  I  believe  that  Ground  17  was  probably 
established  by  the  cocks  that  had  previously  been  on  Ground  9*  This 
is  apparently  not  typical  of  the  manner  in  which  new  dancing  grounds 
are  established.  According  to  Peterle  (1954),  new  grounds  are  most 
prevalent  when  the  population  is  increasing,  rather  than  decreasing 
as  it  was  when  Ground  17  was  started.  Also,  if  Ground  17  was  estab¬ 
lished  by  cocks  from  Ground  9,  it  is  contrary  to  Ammann's  (1957) 
suggestion  that  the  establishment  of  new  dancing  grounds  is  probably 
due  to  the  activity  of  juveniles  which  are  unattached  to  an  older 
ground.  If  the  establishment  of  new  grounds  by  a  surplus  of  un¬ 
attached  juveniles  caused  by  an  increasing  population  is  typical,  as 
I  believe  it  to  be,  then  it  is  more  reasonable  to  consider  the 
appearance  of  birds  on  Ground  17  as  an  example  of  a  major  shift  in  the 
territories  of  the  cocks  previously  on  Ground  9. 

Examples  of  less  extreme  shifts  in  the  territories  of  all 
of  the  males  on  a  dancing  ground  were  common  at  Wanham.  This  was 
especially  evident  for  grounds  located  on  cultivated  fields  where 
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the  vegetative  cover  did  not  remain  constant  from  year  to  year.  Seasonal 
shifts  in  dancing  ground  location  of  up  to  approximately  200  yards  were 
observed  in  three  of  the  six  grounds  at  Wanham  which  were  situated  in 
fields  that  had  been  tilled  during  the  previous  spring  or  summer. 

Changes  of  similar  magnitude  in  the  location  of  dancing  grounds  have 
been  observed  in  Michigan  (Ammann,  1957). 

Permanent  changes  in  territories  due  to  changes  in  the  location 
of  dancing  grounds  usually  take  place  between  different  years  or  be¬ 
tween  seasons  of  the  same  year.  Temporary  changes  in  the  location  of 
the  territories  of  all  the  cocks  on  a  dancing  ground  may  occur  at  any 
time.  These  changes,  which  are  usually  confined  to  a  portion  of  a 
single  morning  or  evening  display  period,  occur  when  actively  dancing 
cocks  are  flushed  from  their  dancing  ground.  In  his  discussion  of 
the  organization  of  Sharp-tailed  Grouse  dancing  grounds  in  Wisconsin, 
Grange  (1950)  noted  that  cocks  may  on  occasion  vacate  their  normal 
grounds  in  favor  of  near  by  ” adjunct”  (casual)  grounds.  I  have  also 
observed  instances  in  which  casual  dancing  grounds  were  vised,  but 
this  behavior  was  not  common.  At  Bodo,  the  cocks  tended  to  remain 
on  the  dancing  grounds  except  when  flushed  by  an  observer  or  by  ap¬ 
proaching  animals.  When  flushed,  the  cocks  usually  flew  from  the 
dancing  ground  as  a  group,  landing  again  after  a  flight  of  several 
hundred  feet.  If  this  occurred  during  the  peak  of  the  morning  dis¬ 
play  period,  dancing  normally  commenced  soon  after  the  cocks  had 
landed,  thus  producing  a  casual  dancing  ground.  When  the  disrupting 
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factor  was  no  longer  in  evidence  on  the  main  dancing  ground,  the  cocks 
returned  to  their  regular  territories  for  the  balance  of  the  display- 
period. 

Except  for  changes  in  territories  caused  by  temporary  move¬ 
ments  to  casual  dancing  grounds,  shifts  in  the  location  of  territories 
at  Bodo  during  the  spring  display  period  were  rare.  When  changes  did 
occur,  they  were  confined  to  movements  of  individual  males  within  a 
dancing  ground.  For  example:  the  cock  Y-W  did  not  have  a  fixed  terri¬ 
tory  on  Dancing  Ground  8  in  the  spring  of  1959;  whenever  he  entered 
the  Ground  he  was  driven  off  by  the  resident  cocks.  A  similar  condition 
prevailed  on  September  4  and  5  of  the  same  year,  but  in  the  spring  of 
I960,  Y-W  was  observed  to  have  a  territory  near  the  periphery  of  the 
Ground.  This  territory  did  not  remain  constant,  however,  for  by 
May  3,  he  had  moved  into  a  new  location,  on  the  opposite  side  of  the 
Ground  and  closer  to  the  center.  The  beginning  of  this  shift  in 
territory  had  been  observed  on  the  morning  of  April  24,  when  Y-W  had 
oscillated  between  both  locations.  The  exact  date  on  which  the  new 
territory  was  stabilized  is  not  known,  as  this  Ground  was  not  observed 
between  April  24  and  May  3 . 

Another  instance  in  which  the  location  of  a  territory  was 
changed  during  a  single  season  occurred  at  approximately  the  same 
time  as  the  shift  in  the  territory  of  Y-W.  This  second  change  was 
in  the  territory  of  G,  a  cock  which  was  banded  in  the  spring  of  1958. 
Dancing  Ground  8  was  not  fitted  for  mapping  territories  in  1958,  but 
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Figure  18 

Changes  in  the  location  of  the  territory  of  the  color-marked  Sharp¬ 
tailed  Grouse  cock  G  during  the  spring  of  I960. 
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because  of  the  location  of  the  nets  in  which  G  was  trapped  it  is 
known  that  he  was  located  near  the  center  of  the  Ground,  a  position 
that  he  also  occupied  in  the  fall  of  the  same  year.  His  territory 
was  mapped  in  the  spring  and  fall  of  1959,  and  again  on  April  23,  I960. 
The  territory  boundaries  were  located  at  a  similar  position  on  the 
Ground  each  time.  On  May  3,  however,  he  occupied  a  territory  on 
the  periphery  of  the  Ground,  as  shown  in  Figure  18.  One  additional 
change  in  the  territory  of  G  is  shown  in  Figure  18.  On  May  5,  Y  -W 
was  no  longer  present,  and  G  was  found  to  be  occupying  the  territory 
previously  held  by  the  missing  cock. 

A  shift  in  territory  position,  apparently  related  to  the 
movements  of  G  and  Y-W,  occurred  on  May  6,  I960.  R,  who  had  been 
banded  earlier  in  the  spring  of  I960,  moved  across  the  Dancing  Ground 
to  take  up  a  position  coinciding  with  the  one  vacated  by  G  the  pre¬ 
vious  day.  Except  for  the  examples  discussed  above,  no  changes  in 
the  locations  of  territories  were  observed  at  Bodo  during  the  time 
that  I  was  on  the  study  area.  Since  less  than  half  of  the  cocks  on 
each  ground  were  banded,  it  is  probable  that  the  actual  number  of 
shifts  in  territory  locations  was  at  least  twice  the  observed  number. 
Even  when  these  additional  changes  are  included,  however,  it  is  evi¬ 
dent  that  the  territories  of  most  of  the  cocks  do  remain  constant 
over  long  periods  of  time. 

On  the  basis  of  the  behavior  of  the  color-marked  cocks  whose 
territories  did  not  remain  constant,  I  believe  that  a  change  in  the 
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position  of  one  cock  relative  to  the  others  on  a  dancing  ground  is  the 
result  of  stimuli  acting  on  internal  mechanisms  of  genetic  origin  in 
such  a  manner  that  the  cock  tends  to  move  towards  the  center  of  the 
dancing  ground  whenever  the  opportunity  arises s  whether  this  is  due 
to  the  loss  of  a  centrally  located  cock  such  as  Y-W,  or  to  the  displace¬ 
ment  of  a  cock  (e.g.  G)  to  a  more  peripheral  location,,  This  interpre¬ 
tation,)  which  assumes  that  the  tendency  of  a  cock  to  move  towards  the 
center  of  the  dancing  ground  is  greater  than  the  tendency  to  maintain 
the  same  territory,,  is  supported  by  the  observation  that  no  large 
vacant  areas  occurred  on  any  of  the  grounds .  If  the  birds  did  not 
tend  to  move  towards  the  center  of  the  dancing  ground s  unused  areas 
would  be  present  whenever  a  centrally  located  cock  did  not  return  to 
his  territory . 

Because  of  the  normal  replacement  of  birds  lost  through 
desertion  or  mortality,,  movement  of  cocks  from  the  periphery  to  the 
center  of  a  dancing  ground  must  be  a  characteristic  of  the  social  be- 
havior  of  the  males  on  all  dancing  grounds  that  are  used  for  several 
years.  Although  the  evidence  is  not  complete,,  it  is  probable  that 
the  sequence  of  territory  locations  for  cocks  over  a  period  of  several 
seasons  is  as  follows;  the  less  dominant  yearlings  tend  to  occupy  the 
peripheral  territories.  The  next  year,,  they  move  in  towards  the 
center  of  the  dancing  ground  to  replace  older  cocks  lost  by  mortality 
or  desertion.  Then,,  after  two  or  more  years ,  one  of  these  centrally 
located  cocks  will  become  the  most  dominant  (master  cock) 9  with  the 
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others  grouped  closely  around  him.  When  birds  become  too  old,  they 
will  be  forced  out  to  a  less  preferred  territory.  In  practice,  this 
latter  step  rarely  occurs,  due  to  the  death  of  the  cock  before  the 
loss  in  dominance  rank  that  x^ould  be  associated  with  such  a  displace¬ 
ment  o 

Stability  of  Territory  Boundaries 

On  well  established  dancing  grounds  such  as  those  at  Bobo, 
stability  of  the  territories  is  paralleled  by  a  similar  stability 
of  the  territorial  boundaries .  Although  both  of  these  phenomena  are 
Indicative  of  the  stereotyped  behavior  that  is  characteristic  of  the 
cocks®  spatial  orientation  on  the  dancing  ground,  they  are  not  neees- 
sarily  present  to  the  same  degree  in  any  one  individual.  For  example, 
the  territory  of  a  cock  might  shift  to  different  locations  on  the  dancing 
ground,  but  the  boundary  of  each  of  these  territories  could  be  very 
rigid  during  the  time  that  it  was  occupied.  Conversely,  a  territory 
that  was  occupied  by  the  same  bird  throughout  an  entire  season  could 
have  an  unstable  boundary,  due  to  periodic  minor  shifts  in  the  locations 
at  which  the  territory  owner  defended  it.  Because  of  this,  a  comparison 
of  the  territory  boundary  stability  between  different  Individuals  and 
for  the  same  individual  before  and  after  a  major  change  in  territory 
location  is  of  value  in  determining  the  degree  to  which  territory  and 
territorial  boundary  stability  are  dependent  on  either  social  relations 
or  the  conditioning  of  a  bird  to  the  location  of  his  territory.  If  a 
territory  boundary  remains  constant  until  the  time  that  the  cock 
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changes  the  location  of  his  territory*  then  it  is  evident  that  the 
changes  in  social  behavior  that  made  the  shift  possible  did  not  affect 
the  location  of  the  defended  area  on  the  original  territory .  In 
instances  such  as  this*  I  think  it  can  be  concluded  that  the  stability 
of  the  territory  boundary  was  maintained  because  the  cock  had  learned 
its  location*  rather  than  because  the  frequency  and  intensity  of  social 
interactions  between  the  territory  holder  and  his  rivals  were  constant „ 
Similarly*  differences  between  the  stability  of  the  boundaries  of  dif¬ 
ferent  cocks  could  be  attributed  to  differences  In  the  extent  to  which 
the  cocks  had  learned  the  location  of  their  boundaries c  If*  on  the 
otner  hand*  shifts  in  territory  location  were  preceded  by  a  decrease 
in  boundary  stability*  then  it  could  be  concluded  that  changes  in  the 
locations  of  paired  Interactions*  and  hence  of  the  territory  boundary* 
may  be  primarily  due  to  variations  in  the  frequency  or  intensity  of 
interactions  between  two  rivals,, 

A  measure  of  the  degree  of  territorial  boundary  stability 
for  the  males  located  on  Dancing  Ground  8  at  Bodo  during  the  spring 
of  I960  was  obtained  by  measuring  the  width  of  the  area  of  interaction, 
I0e0,  the  distances  between  the  maximum,  and  minimum  territorial  boun¬ 
daries  o  Because  the  sizes  of  the  areas  of  interaction  were  determined 
from  the  locations  of  paired  interactions*  and  because  the  location 
of  each  interaction  may  be  assumed  to  indicate  the  location  of  the 
territory  boundary  during  the  time  that  the  interaction  occurred* 
it  follows  that  a  narrow  area  of  interaction  would  indicate  a  stable 
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boundary,,  whereas  a  wide  area  of  interaction  would  indicate  an  unstable 
boundary .  The  value  of  this  method  rests  upon  the  assumption  that  a 
sufficient  number  of  interactions  were  plotted  to  give  an  accurate  esti¬ 
mate  of  the  width  of  the  areas  of  interaction.  The  sample  size  for  the 
heavily  defended  portions  of  each  area  is  considered  adequate,,  as  the 
data  were  the  same  as  those  used  for  the  computation  of  maximum  and 
minimum  territories  (see  pp„53  “  58) .  This  does  not  hold  true  for  the 

less  heavily  defended  areas ,  however ,  as  the  size  of  many  of  these  was 
obtained  on  the  basis  of  only  one  or  two  interactions 0  Because  of 
this,  only  those  portions  of  the  territorial  boundary  across  which  a 
significant  proportion  of  a  cock's  interactions  were  directed  are  included 
in  the  analysis  of  boundary  stability. 

The  proportions  of  a  cock's  paired  interactions  that  were 
directed  at  each  cock  adjacent  to  him  are  shown  on  the  territory  maps 
in  Figure  19.  The  number  of  paired  interactions  used  to  obtain  these 
proportions  are  listed  in  Table  VII „  Only  those  interactions  recorded 
during  periods  of  continuous  observation  were  used  in  these  calculations. 
The  number  beside  each  arrow  in  Figure  19  represents  a  proportion  of 
each  bird's  interactions 5  the  arrow  indicates  the  rival  at  which  they 
were  directed.  The  territory  maps  in  Figure  19  are  approximations  of 
the  maximum  territories  of  the  males  present  on  Dancing  Ground  8  during 
the  mating  peak  of  I960.  They  are  based  on  the  more  precise  maps 
shown  in  Appendix  II.  The  territories  in  Figure  19  indicate  the  location 
of  the  cocks  after  the  changes  in  position  of  Y-W,  G,  and  R  had  occurred. 
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Figure  19 

Approximate  maximum  territories  of  17  Sharp-tailed  Grouse  cocks  present  on 
Dancing  Ground  8,  Bodo,  from  May  3-7,  I960.  Letters  show  on  territories  rep¬ 
resent  name  given  to  occupant*  Numbers  at  the  base  of  each  arrow  indicate  the 
prooortion  of  -paired  interactions  directed  at  adjacent  cocks.  Proportions 
based  on  the  numbers  of  interactions  listed  in  Table  VII. 
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Table  VII „  Stability  rating  of  the  significantly  defended  portions  of 
territory  boundaries  for  the  17  cocks  present  on  Dancing 
Ground  8  at  Bodo  in  the  spring  of  I960. 


Cock 

c* 

p** 

Number  of 
interactions 

Significantly 

defended 

boundary 

Size  of  area 
of 

interaction 

Stability 
rating  *** 

X7 

24 

64  feet 

91  sq.  ft. 

.671 

X4 

32 

64 

96 

o667 

0-G 

15 

82 

135 

06O6 

X2 

20 

51 

106 

0U8I 

Y-B 

20 

69 

177 

.389 

XI 

30 

63 

177 

.356 

B 

39 

82 

247 

-332 

G 

20 

70 

295 

.238 

X8 

22 

76 

170 

.446 

X9 

18 

73 

166 

.440 

Y 

18 

69 

162 

.426 

15 

15 

74 

192 

o386 

X6 

8 

83 

221 

.376 

G=¥ 

25 

83 

250 

o332 

X3 

19 

70 

279 

.251 

R-W 

19 

83 

430 

d93 

R 

- 

64 

455 

d41 

*  Centrally  located  cocks 
*  *  Peripherally  located  cocks 

Stability  rating  equals  the  reciprocal  of  the  size  of  the  defended 
area  per  unit  length  of  significantly  defended  boundary. 
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If  more  than  10  per  cent  of  a  cock 5 s  interactions  were  directed 
at  another,  then  the  portion  of  his  boundary  lying  next  to  that  of  the 
other  cock  is  said  to  be  significantly  defended „  All  other  portions  of 
the  boundaries  are  assumed  to  be  not  significantly  defended.  The  signi¬ 
ficantly  defended  portions  of  the  boundaries  are  represented  by  unbroken 
lines  on  the  territory  maps  in  Figure  19 «  The  dotted  lines  indicate  the 
portions  of  the  boundaries  that  were  not  significantly  defended.  These 
latter  portions  of  the  boundaries  include  those  that  were  not  adjacent 
to  another  cock’s  territory  as  w ell  as  those  portions  of  the  boundary 
lying  next  to  that  of  another  but  across  which  10  per  cent  or  fewer  of 
the  interactions  were  directed.  There  were  differences  in  the  number 
of  interactions  recorded  for  the  different  birds  (Table  VII),  hence  a 
significantly  defended  boundary  of  one  cock  does  not  necessarily  mean 
that  the  corresponding  portion  of  an  adjacent  cock 5 s  boundary  is  signi¬ 
ficantly  defended. 

Because  the  width  of  the  area  of  interaction  varied  at  different 
points  around  the  margin  of  a  cock’s  territory  (see  Appendix  II ),  it 
was  not  possible  to  obtain  a  direct  average  measure  of  this  value.  An 
estimate  of  the  average  width  of  the  area  of  interaction  was  obtained, 
however,  by  dividing  the  number  of  square  feet  in  the  area  of  inter¬ 
action  by  the  length,  in  feet,  of  the  significantly  defended  portions 
of  the  maximum  territory  boundary.  The  size  of  this  estimate  of  the 
width  of  the  area  of  interaction  is  assumed  to  vary  inversely  with 
the  stability  of  each  cock’s  territory  boundary.  The  reciprocal  of 
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this  figure,  which  is  termed  the  "stability  rating",  would  then  vary 
directly  with  the  stability  of  the  boundary.  The  length  of  the  signi- 
ficantly  defended  portions  of  each  bird’s  territory  boundary  and  the 
number  of  square  feet  in  the  corresponding  parts  of  the  area  of  inter¬ 
action  were  obtained  from  the  territory  maps  shown  in  Appendix  II. 

These  values  for  the  territories  of  the  17  males  included  in  Figure  19 
are  listed  in  Table  VII . 

The  stability  ratings  for  each  of  the  17  males  present  on 
Dancing  Ground  8  at  Bodo  in  I960  are  listed  in  the  last  column  of 
Table  VII „  Comparison  of  the  stability  ratings  between  the  top  and 
bottom  parts  of  this  table  indicates  that  there  was  a  tendency  for  the 
peripheral  birds  to  have  a  less  stable  territorial  boundary  than  did 
those  nearer  the  center.  The  average  ratings  are  not  significantly 
different  between  the  two  groups,  however;  t  =1.97?  t  (P  =  .05)  =  2.13. 

In  most  instances  there  are  no  readily  apparent  reasons  for 
the  variations  in  boundary  stability  between  different  birds.  Inspection 
of  the  data  showed  that  there  is  no  correlation  between  boundary  stabi¬ 
lity  and  total  area,  maximum  territory,  or  the  activity  of  the  cock 
as  expressed  in  terms  of  interactions  per  minute  or  distance  moved 
per  minute.  In  addition,  the  stability  of  a  cock’s  territory  boundary 
is  not  correlated  with  the  activity  of  the  cocks  adjacent  to  it. 

The  stability  ratings  of  two  cocks,  R  and  G,  indicate  that 
the  stability  of  the  boundaries  may  be  primarily  a  function  of  the 
degree  to  which  the  interacting  birds  have  learned  their  locations. 
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The  territories  of  these  cocks  were  mapped  both  before  and  from  1  to  12 
days  after  their  locations  had  changed.  On  April  23,  the  stability 
rating  for  G  was  .667;  on  May  5,  after  the  location  of  the  territory 
had  shifted,  it  was  only  .238.  Similarly,  the  stability  rating  of 
R  dropped  from  .238  on  May  5  to  .141  on  May  6.  Because  of  the  changes 
in  the  locations  of  their  territories,  these  two  cocks  and  those 
adjacent  to  them  had  less  than  the  average  time  in  which  to  establish 
and  learn  the  locations  of  the  territory  boundaries,  hence  the  boun¬ 
dary  stability  was  reduced.  Table  VII  shows  that  after  the  shifts 
in  territory  had  occurred,  G  had  a  smaller  stability  rating  than  any 
other  centrally  located  cock.  The  stability  rating  for  R  was  smaller 
than  that  of  any  other  cock  on  the  Dancing  Ground.  It  should  not  be 
assumed  that  the  stability  rating  gives  an  exact  measure  of  the  degree 
to  which  each  of  the  cocks  have  learned  the  location  of  their  territory 
boundary,  however,  because  factors  such  as  an  expansion  of  territory  by 
one  cock  would  also  cause  a  decrease  in  boundary  stability. 

The  decrease  in  the  stability  ratings  of  both  R  and  G  after 
they  had  shifted  their  territories  indicates  that  the  social  behavior 
of  these  cocks  was  less  variable  when  they  were  on  their  original 
territories  than  after  they  had  moved.  The  stability  rating  of  .667 
obtained  for  G  on  April  23  shows  that  his  territorial  boundary  fluc¬ 
tuated  little  at  that  time.  The  location  of  paired  interactions  be¬ 
tween  R  and  the  cocks  adjacent  to  him  indicates  that  the  stability  of 
his  original  territory  boundary  was  not  reduced  during  the  morning 
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that  the  location  of  his  territory  was  shifted.  These  data  are  not 
complete,  but  they  do  support  the  tentative  conclusion  that  the  degree 
of  conditioning  of  a  bird  to  his  territory,  rather  than  the  social 
behavior  of  the  cocks  adjacent  to  him,  is  the  major  factor  governing 
the  stability  of  territory  boundaries  during  the  peak  of  mating 
activities.  When  the  pressure  exerted  by  adjacent  cocks  becomes  too 
great,  as  appears  to  have  happened  to  G,  the  cock  maintains  his  position 
as  long  as  possible,  and  then  takes  up  a  territory  in  a  different  portion 
of  the  dancing  ground. 

Effect  of  interactions  on  territory  stability 

When  the  males  begin  to  establish  their  territories  in  early 
spring,  it  is  probable  that  the  locations  of  many  of  their  boundaries 
shift  from  day  to  day  due  to  variations  in  the  number  of  aggressive 
acts  between  different  rivals.  When  the  territories  become  more  stable, 
one  would  expect  to  find  that  the  acts  of  aggression  directed  at  a 
territory  holder  are  almost  exactly  balanced  by  his  defensive  acts. 

If  this  were  not  so,  the  territories  would  probably  shift  until  equili¬ 
brium  was  reached.  As  the  season  advances,  the  cocks  would  become 
conditioned  more  and  more  to  their  territories,  hence  the  degree  of 
equilibrium  between  acts  of  aggression  and  defense  could  be  reduced 
without  necessarily  causing  any  major  shifts  in  the  location  of  terri¬ 
tories  or  territory  boundaries.  Large  differences  in  the  quantity  or 
quality  of  aggressive  acts  directed  at  a  cock,  however,  should  cause 
shift  in  the  location  of  his  territory  even  after  he  had  occupied  it 
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for  several  days  or  weeks. 

The  small  number  of  changes  in  the  location  of  territories  and 
territory  boundaries  at  Bodo  during  the  mating  period  indicates  that 
during  this  time  the  aggressive  and  defensive  acts  of  most  of  the  cocks 
were  approximately  in  balance  with  those  of  the  cocks  adjacent  to  them. 
Such  a  balance  could  be  maintained  either  if  the  interactions  between 
rivals  occurred  at  a  constant  rate,  or  if  periodic  changes  in  rate  and 
intensity  of  interactions  were  similar  for  each  of  the  cocks. 

W hen  females  were  present,  the  activity  of  each  cock  was  in¬ 
creased,  hence  the  balance  between  aggressive  and  defensive  acts  was 
maintained  at  that  time.  When  no  females  were  present,  the  activity 
of  the  cocks  was  usually  low.  At  this  time,  the  number  of  interactions 
per  unit  time  between  most  pairs  of  cocks  tended  to  remain  constant 
from  day  to  day;  there  were  usually  no  major  changes  in  either  the  rate 
of  interacting  of  a  cock  or  in  the  proportion  of  his  interactions  that 
were  directed  at  each  adjacent  cock. 

It  was  possible  to  record  only  a  small  proportion  of  the 
interactions  that  occurred  on  a  dancing  ground  at  any  one  time,  hence 
a  direct  measure  of  the  rate  and  direction  of  interactions  for  each 
cock  on  consecutive  days  was  not  obtained.  An  estimate  of  the  extent 
to  which  the  rates  and  directions  of  interactions  were  constant  from 
day  to  day  was  obtained,  however,  by  recording  the  interactions  of 
different  cocks  on  different  days,  and  by  comparing  these  data  with 
what  one  would  expect  to  find  if  the  interactions  had  remained  constant 
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Figure  20 

Hypothetical  territories  of  five  Sharp-tailed  Grouse  cocks.  Each  cock 
is  designated  by  a  letter.  The  numbers  of  interactions  per  minute  shown 
beside  the  letters  are  arbitrary.  The  proportions  of  interactions 
directed  at  A  by  the  other  four  cocks  are  indicated  by  the  numbers  be¬ 
side  the  arrows. 
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during  the  same  period.  The  method  used  may  be  explained  with  the 
aid  of  the  diagram  shown  in  Figure  20. 

Figure  20  shows  a  hypothetical  set  of  territories;  the  cen¬ 
trally  located  bird  A  is  surrounded  by  four  others:  B,  C,  D,  and  E. 

The  numbers  beside  the  letters  in  Figure  20  are  arbitrary  values 
representing  the  observed  number  of  interactions  per  minute  for  the 
different  individuals.  The  number  beside  each  of  the  four  arrows 
indicates  the  proportion  of  the  interactions  of  cocks  B  to  E  that  were 
directed  at  A.  For  every  interaction  involving  the  central  cock  A, 
there  must  be  a  corresponding  interactant,  involving  one  of  the  four 
birds  adjacent  to  him.  The  total  number  of  interactions  per  unit 
time  that  A  takes  part  in  must  equal  the  sum  of  the  number  of  inter¬ 
actions  per  unit  time  directed  at  A  by  the  other  four  cocks.  The 
other  cocks  interact  among  themselves  during  this  time,  hence  the  stun 
of  their  interactions  over  a  given  period  exceeds  the  number  of  times 
they  interact  with  A. 

The  total  number  of  interactions  per  minute  for  any  one  of 
the  birds  adjacent  to  A,  multiplied  by  the  proportion  of  these  inter¬ 
actions  directed  at  A,  gives  the  rate  of  interaction  between  the  two 
cocks.  Thus,  if  .2  of  B's  interactions  are  with  A,  and  if  B  takes 
part  in  .25  interactions  per  minute,  then  he  would  interact  (.25)  x 
(.2)  or  .05  times  per  minute  with  A.  The  corresponding  values  for 
cocks  C,  D,  and  E  are  .18,  .09,  ‘-and  .18  interactions  per  minute.  The 
sum  of  these  four  values  shows  that  cocks  B  to  E  interacted  .5  times 
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per  minute  i^dth  A.  This  rate  of  .5  per  minute,  calculated  on  the  basis 
of  the  behavior  of  the  cocks  adjacent  to  A,  is  the  same  as  the  rate 
(Figure  20)  obtained  for  A  by  direct  observation. 

The  relationship  described  in  the  above  example  must  hold  true 
for  the  cocks  on  any  dancing  ground.  It  could  be  demonstrated  in  practice, 
however,  only  if  the  interactions  of  all  the  cocks  were  recorded  simul¬ 
taneously,  or  if  the  rates  and  directions  of  interactions  remained  constant 
throughout  the  period  that  records  were  obtained.  If  the  calculated  rate 
of  interacting  for  a  given  cock  was  not  equal  to  the  observed  rate,  it 
would  indicate  that  the  rate  of  interacting  was  not  constant,  or  that 
constant  proportions  of  the  interactions  were  not  always  directed  at 
each  of  the  adjacent  cocks,  or  that  both  the  rate  and  proportions  of 
interactions  directed  at  adjacent  cocks  were  not  constant. 

Records  of  the  interactions  of  the  various  males  present  on 
Dancing  Ground  8  at  Bodo  were  obtained  at  different  times  during  five 
mornings  in  early  Kay  of  I960.  With  one  exception,  conditions  were 
standardized  by  using  only  those  data  that  were  obtained  when  there 
were  no  females  present  on  the  Ground.  A  continuous  record  of  the 
interactions  of  R  was  not  kept,  hence  the  data  for  this  bird  are  not 
included  in  the  analysis.  The  number  of  interactions  recorded  for  each 
of  the  cocks  is  shown  in  Table  VII. 

The  average  number  of  interactions  per  minute  for  each  of 
16  cocks  is  shown  in  Table  VIII;  the  proportion  of  each  bird’s  inter¬ 
actions  directed  towards  each  adjacent  cock  are  plotted  on  the  terri- 
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Interactions  per  minute  -  calculated 


Interactions  per  minute  -  observed 


Figure  21 

Relationship  between  the  observed  and  calculated  values  for  the 
number  of  interactions  per  minute  of  each  of  16  Sharp-tailed  Grouse 
cocks  present  on  Dancing  Ground  8  at  Bodo  in  I960. 
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tory  maps  in  Figure  19.  The  proportions  shown  for  R  in  Figure  19  are 
estimates,  based  on  the  interactions  of  the  cocks  adjacent  to  him. 


Table  VIII.  Average  rates  at  which  paired  interactions  were  found  to 
occur  for  the  17  Sharp-tailed  Grouse  cocks  present  on 
Dancing  Ground  S,  Bodo,  in  the  spring  of  I960. 


Cock 

Interactions 
per  minute 

Cock 

Interactions 
per  minute 

XI 

1.83 

0-G 

.39 

I 

.69 

X7 

.53 

G 

.49 

X5 

.62 

G-W 

.52 

R-W 

.42 

X3 

.86 

X9 

.33 

X8 

.43 

X6 

.24 

X2 

.57 

X4 

1.23 

B 

1.00 

T-B 

.87 

In  Figure  21,  the  sum  of  the  number  of  interactions  per  minute 
directed  at  each  cock  by  all  adjacent  cocks  is  plotted  against  the 
average  number  of  interactions  per  minute  obtained  by  direct  obser¬ 
vation  of  the  same  bird.  If  the  proportions  and  rates  of  interactions 
were  constant  for  all  of  the  birds  during  each  day  of  sampling,  a 
perfect  correlation  between  the  observed  and  calculated  rates  of  inter¬ 
acting  should  result.  As  may  be  seen  from  Figure  31  ,  the  correlation 
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is  not  exact.  When  the  values  for  the  two  major  exceptions,  XI  and  0-G, 
are  not  included,  however,  a  significant  correlation  is  found  to  exist 
between  the  remaining  cocks:  r  *  .716,  r  (p  »  .01)  *  .661.  Thus,  it 
can  be  concluded  that  within  the  limits  of  the  sampling  methods  used, 
and  with  the  exception  of  two  birds,  interactions  that  were  directed 
at  each  adjacent  cock  did  not  fluctuate  significantly  during  the 
periods  when  no  females  were  on  the  Dancing  Ground. 

The  differences  between  the  observed  rate  of  interacting  and 
the  rate  obtained  on  the  basis  of  the  behavior  of  adjacent  cocks  are 
small  in  most  instances .  I  attribute  most  of  these  small  differences 
to  sampling  errors  and  to  random  variations  in  the  rate  and  direction 
of  the  cocks’  interactions.  The  large  differences  between  observed  and 
calculated  values  for  XI  and  0-G,  however,  indicate  that  there  were 
major  changes  in  the  behavior  of  these  two  cocks. 

The  observed  rate  of  interaction  for  XI  was  1.83  per  minute; 
the  calculated  rate  was  only  .41.  The  observed  rate  of  interaction 
for  Xl  is  based  on  data  obtained  when  females  were  on  the  dancing 
ground,  hence  it  is  greater  than  the  rate  based  on  the  interactions 
of  the  cocks  adjacent  to  him. 

The  observed  rate  of  interaction  for  0-G  was  .49  per  minute; 
the  average  number  of  interactions  directed  at  him  by  adjacent  cocks 
was  1.8  per  minute.  The  two  interactants  that  were  mainly  responsible 
for  this  high  calculated  rate  were  XI  and  X4  (see  Figure  19) •  When 
the  interactions  of  these  two  birds  were  recorded,  a  large  proportion 
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of  their  interactions  were  with  0-G.  Examination  of  the  original  data, 
however,  shows  that  0-G  never  interacted  with  both  of  these  cocks 
during  the  same  general  period;  he  normally  interacted  with  XI,  and 
rarely  with  X4.  On  May  7,  when  the  interactions  of  X4  were  recorded, 
the  normal  conditions  were  reversed:  XI  and  0-G  interacted  infrequently 
(two  observed),  whereas  0-G  and  X4  were  almost  constant  interactants 
(13  interactions  in  26  minutes).  During  this  period,  XI  spent  most 
of  his  time  at  the  peripheral  edge  of  his  territory,  fighting  and 
threatening  X8  (see  Figure  19),  who  appeared  to  be  more  aggressive 
than  usual.  XI  was  thus  unable  to  spend  the  normal  proportion  of  his 
time  with  0-G.  Associated  with  this  decrease  in  opposition  from  XI, 
the  main  locus  of  0-G*s  interactions  moved  towards  the  center  of  the 
ground,  embracing  some  of  XI’ s  territory.  By  moving  towards  the  center, 
0-G  became  situated  along  the  portion  of  the  boundary  of  X4  that  was 
normally  occupied  by  XI.  Since  XI  was  not  there,  X4  interacted  with 
0-G. 

The  interactions  between  0-G  and  X4  on  May  7  illustrate  one 
of  the  changes  in  the  behavior  of  0-G  that  caused  his  calculated  rate 
of  interacting  to  be  greater  than  expected.  Another  factor  that  tended 
to  make  O-G's  calculated  rate  greater  than  his  observed  rate  was  the 
large  observed  rate  obtained  for  XI,  which  was  caused  by  the  presence 
of  females  when  his  interactions  were  recorded. 

As  shown  in  Figure  21,  the  observed  rate  obtained  for  X4  was 
greater  than  the  calculated  rate.  The  difference  between  these  rates 
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appears  to  be  due  to  the  changes  in  the  behavior  of  XI  and  0-G.  Normally, 
X4  interacted  with  the  master  cock,  XI,  who  presumably  ranked  above  him 
in  the  dominance  hierarchy.  The  portion  of  XI* s  territory  lying  adjacent 
to  that  of  X4  was  taken  over  on  May  7  by  0-G,  who  was  also  below  XI  in 
the  dominance  hierarchy.  It  is  probable  that  there  was  a  greater  degree 
of  equality  between  X4  and  0-G  than  betx^een  X4  and  XI,  hence  one  would 
expect  X4  to  interact  more  frequently  on  May  7,  when  he  faced  0-G,  than 
he  normally  did  when  he  was  adjacent  to  XI. 

The  behavior  of  X8,  XI,  0-G,  and  X4  indicate  how  a  change  in 
the  behavior  of  one  cock  may  both  directly  influence  the  behavior  of 
others  located  in  adjacent  territories,  and  indirectly  influence  the 
behavior  of  cocks  located  farther  away.  I  think  that  the  primary  cause 
of  the  changes  in  the  behavior  of  the  cocks  on  May  7  was  the  increased 
aggressive  tendencies  of  the  peripherally  located  cock,  X8.  Because 
of  this  increased  aggression,  XI  spent  much  of  his  time  fighting  with 
X8.  0-G  was  then  able  to  take  over  a  portion  of  XI’ s  territory,  which 

resulted  in  an  increase  in  the  number  of  interactions  between  0-G  and 

X4. 

The  changes  that  were  noted  in  the  behavior  of  X8,  0-G,  and 
X4  on  May  7  were  all  associated  with  an  increase  in  the  tendency  of 
these  cocks  to  move  towards  the  center  of  the  cjancing  ground,  as  defined 
by  the  location  of  the  master  cock.  This  was  shown  by  the  increased 
aggression  directed  at  XI  by  X8,  by  the  increase  in  the  proportion  of 
centrally  directed  interactions  by  X4,  and  by  the  movement  of  0-G  into 
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part  of  Xl's  territory.  In  contrast  to  the  beha.vior  of  these  birds, 

G  and  X7  did  not  attempt  to  take  advantage  of  the  lessened  opposition 
from  XI;  they  did  not  encroach  on  his  territory. 

From  these  data,  I  have  concluded  that  there  is  a  definite 
tendency  for  some  of  the  cocks  to  attempt  to  reach  the  center  of  the 
dancing  ground,  either  by  encroaching  on  the  territory  of  the  master 
cock,  or  perhaps  by  displacing  him  from  his  normal  location  on  the 
dancing  ground.  This  behavior  is  not,  however,  characteristic  of 
every  cock  whose  territory  is  adjacent  to  that  of  the  master  cock. 
Also,  it  is  apparent  that  when  no  females  are  present,  the  rate, 
location,  and  direction  of  interactions  tend  to  be  constant  from  day 
to  day.  If  changes  in  social  behavior  which  do  occur  are  large,  they 
may  be  associated  with  shifts  in  a  territory  boundary.  Changes  of 
lesser  magnitude,  which  are  more  common,  are  not  sufficient  to  cause 
the  territory  boundaries  to  shift. 

Territory  size 

Maps  of  the  territories  that  were  occupied  by  the  18  males 
present  on  Dancing  Ground  8  at  Bodo  in  the  spring  of  I960  are  illus¬ 
trated  in  Figure  22.  The  maps  of  R  and  G  are  based  on  data  obtained 
after  they  had  shifted  their  territories  to  the  locations  shown.  The 
name  of  each  territory  holder,  and  the  area  enclosed  by  the  boundary 
of  each  individual's  maximum  territory  are  listed  on  the  maps.  The 
five  territories  marked  with  an  A  were  occupied  by  adults;  the  ages 
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Figure  22 

Approximate  territories  of  17  Sharp-tailed  Grouse  cocks  on  Dancing  Ground  8, 
Bodo,  from  May  3-7,  I960.  Boundaries  are  based  on  the  mans  shown  in  Appendix 
II.  Territory  size  (Sq.  Ft.),  name  of  cock,  and  age  wher^  known,  are 
indicated  on  the  appronriate  areas. 


of  the  other  males  were  not  determined. 


Territory  size  varied  widely  between  different  individuals. 

The  range  on  Dancing  Ground  8  was  from  147  to  approximately  1,870 
square  feet.  These  variations  were  in  part  due  to  the  larger  size 
of  the  territories  that  were  located  on  the  periphery  of  the  Ground, 
compared  to  those  located  nearer  the  center.  The  peripherally  located 
cocks  appear  to  have  been  able  to  maintain  larger  territories  because 
they  were  not  surrounded  by  rivals. 

Comparison  between  different  peripherally  located  cocks  indi¬ 
cates  that  territory  size  is  related  to  the  proportion  of  the  territory 
boundary  that  is  adjacent  to  the  territory  of  another  bird.  The  owners 
of  smaller  territories,  such  as  X8,  must  defend  a  greater  portion  of 
their  boundary  than  do  the  owners  of  larger  territories.  If  the  signi¬ 
ficantly  defended  portions  of  the  boundaries  are  considered,  then  this 
relationship  holds  true  for  the  centrally  located  cocks  as  well. 

This  relationship  is  illustrated  in  Figure  23,  where  territory  size  is 
plotted  against  the  "defense  ratio"  for  17  of  the  18  males  that  were 
present  on  Dancing  Ground  8.  The  data  for  R  is  not  included  in  this 
or  in  subsequent  correlations  between  various  factors  and  territory 
size,  as  an  accurate  estimate  of  his  territory  size  was  not  obtained. 

The  defense  ratios  shown  in  Figure  23  were  obtained  by  dividing 
the  proportion  of  each  bird*s  territory  boundary  that  was  not  signi¬ 
ficantly  defended  by  the  proportion  of  the  boundary  that  was  signifi¬ 
cantly  defended.  The  criterion  used  to  establish  which  portions  of  the 
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Figure  23 

Relationship  between  territory  size  and  defense  ratio  for  16  Sharp-tailed 
Grouse  cocks  present  on  Dancing  Ground  8,  I960.  Defense  ratio  equals  the 
proportion  of  a  territory  boundary  that  was  not  significantly  defended, 
divided  by  the  proportion  of  the  boundary  that  was  significantly  defended 
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boundaries  were  or  were  not  significantly  defended  was  the  proportion 
of  a  cock’s  interactions  that  were  directed  at  each  adjacent  cock.  The 
level  of  significance  was  arbitrarily  set  at  10  per  cent,  i.e,,  if  a 
cock  directed  more  than  10  per  cent  of  his  interactions  at  another, 
then  the  portion  of  his  boundary  lying  next  to  the  territory  of  the 
other  was  considered  to  be  significantly  defended.  The  measurements 
used  to  obtain  the  defense  ratios  shown  in  Figure  22  were  obtained 
from  the  same  data  used  to  determine  the  stability  ratings  of  the 
territory  boundaries. 

Although  the  correlation  between  territory  size  and  defense 
ratio  is  significant  at  the  .01  level  of  probability,  there  does  not 
appear  to  be  any  direct  causal  relationship  between  them.  Rather  than 
one  of  these  factors  being  dependent  on  the  other,  I  think  it  is  more 
probable  that  both  are  a  function  of  the  dominance  of  each  cock  relative 
to  the  dominance  of  those  adjacent  to  him. 

When  the  dominance  rank  of  one  bird  is  much  greater  than  that 
of  another  located  adjacent  to  him  on  the  dancing  ground,  one  would 
expect  fex\r  interactions  to  occur  between  them.  The  more  dominant  cock 
would  be  able  to  maintain  his  territory  without  directing  many  inter¬ 
actions  at  the  other  cock.  The  less  dominant  cock  would  be  driven  back 
whenever  he  tried  to  encroach  on  his  rival's  territory,  hence  he  would 
tend  to  direct  fewer  and  fewer  interactions  at  the  more  dominant  indi¬ 
vidual.  In  this  situation,  the  portions  of  the  territory  boundaries 
lying  between  the  two  rivals  would  be  not  significantly  defended.  If, 
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on  the  other  hand,  the  two  birds  were  approximately  equal  in  dominance 
rank,  it  would  be  possible  for  either  to  enlarge  his  territory  at  the 
expense  of  the  other.  Hence,  one  would  expect  cocks  of  similar  dominance 
to  interact  frequently. 

If  cocks  direct  few  interactions  at  rivals  whose  dominance  rank 
is  much  greater  or  less  than  their  own,  they  would  be  able  to  direct 
more  interactions  per  unit  time  at  the  other  cocks  adjacent  to  them 
whose  dominance  rank  was  similar  to  their  own.  Because  of  this,  cocks 
which  were  located  next  to  several  others  whose  dominance  was  greater 
or  less  than  their  own  would  be  able  to  maintain  a  large  territory. 

The  defense  of  the  portions  of  their  boundaries  that  i'rere  adjacent  to 
territories  of  birds  of  much  lesser  dominance  would  require  few  inter¬ 
actions:  the  less  dominant  birds  would  not  attempt  to  take  over  any 
portion  of  their  territory.  Similarly,  the  portions  of  their  boundaries 
that  were  adjacent  to  the  territories  of  more  dominant  birds  would 
require  little  defense:  the  more  dominant  individuals  would  already 
have  extended  their  territories  as  far  as  conditions  would  allow. 

The  portions  of  their  boundaries  that  were  adjacent  to  the  territories 
of  cocks  whose  dominance  was  similar  to  their  own  would  be  successfully 
defended  because  they  would  be  able  to  interact  whenever  the  necessity 
arose.  The  portions  of  their  boundaries  that  required  few  interactions 
to  defend  would  account  for  the  large  defense  ratio;  the  tendency  to 
drive  back  the  less  dominant  rivals  would  account  for  the  large 
territory. 
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Cocks  that  were  surrounded  mainly  by  others  whose  dominance 
rank  was  similar  to  their  own  would  be  forced  to  defend  most  portions 
of  their  boundary;  they  would  not  be  able  to  maintain  their  boundary 
without  directing  many  interactions  at  the  cocks  adjacent  to  them. 
Because  most  of  their  boundary  would  be  significantly  defended,  their 
defense  ratio  would  be  small.  Their  territories  would  also  be  small 
because  there  would  be  few  or  no  cocks  of  lesser  dominance  to  drive 
back. 

In  an  effort  to  locate  any  further  manifestations  of  dominance 
that  could  have  varied  systematically  with  the  size  of  a  cock's  terri¬ 
tory,  the  following  variables  were  compared,  by  statistical  correlations, 
with  maximum  territory  size:  distance  moved  per  unit  time;  interactions 
per  unit  time;  distanced  moved  per  interaction;  the  average  proportion 
of  adjacent  cocks '  interactions  that  were  directed  at  a  territory 
holder;  total  number  of  rivals  adjacent  to  a  territory  holder;  and 
the  proportion  of  a  cocks  interactions  that  were  directed  to¬ 

wards  others  whose  territories  were  located  closer  to  the  center  of 
the  dancing  ground.  Of  these  variables,  only  the  last  was  found  to 
correlate  with  territory  size.  Differences  occurred  between  the  cen¬ 
trally  and  peripherally  located  cocks,  hence  it  was  necessary  to  analyse 
the  two  groups  separately. 

In  Figure  24,  part  A,  the  territory  size  of  each  centrally 
located  cock  is  plotted  against  the  square  of  the  proportion  of  inter¬ 
actions  that  he  directed  towards  the  center  of  the  ground  as  defined 
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Figure  24 

Relationship  between  territory  size  and  the  proportion  of  inter¬ 
actions  directed  towards  cocks  located  closer  to  the  center  of 
the  dancing  ground.  The  data  for  X3  and  R-W  were  not  included  in 
the  calculation  of  the  regression  line  in  part  B. 
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by  the  location  of  the  master  cock,  XI.  The  correlation  coefficient 
obtained  for  these  values  is  significant  at  the  .01  level  of  probability; 
r  =  -.956;  r  (p  -  .01)  -  .874.  This  highly  significant  correlation 
was  gained  only  after  the  original  data  was  converted  to  a  linear  function 
by  squaring  the  values  on  the  abscissa.  As  indicated  in  part  B  of 
Figure  24,  the  plotted  values  for  the  peripherally  located  cocks  show 
a  large  degree  of  scatter.  When  the  values  for  R-W  and  X3  are  not 
included  in  the  analysis,  however,  a  significant  correlation  coefficient 
of  .868  is  obtained;  r  (p  =  .05)  =  .811. 

The  differences  between  parts  A  and  B  of  Figure  24,  plus  the 
atypical  values  shown  for  R-W  and  X3,  make  it  difficult  to  explain  the 
significance  of  the  relationship  between  territory  size  and  the  pro¬ 
portion  of  interactions  directed  towards  the  center  of  the  ground.  One 
explanation  involves  the  relationship  that  is  thought  to  exist  between 
the  dominance  of  each  male  and  the  location  of  his  territory  relative 
to  that  of  the  others.  According  to  Ammann  (1957)  and  Peterle  (1954), 
the  central  portions  of  the  dancing  ground  tend  to  be  occupied  by  adults, 
whereas  the  peripheral  portions  contain  mainly  juveniles.  As  indicated 
in  Figure  22,  three  of  the  cocks  known  to  have  been  adults  because  they 
were  present  the  previous  year,  occupied  centrally  located  territories. 
Before  the  shift  in  R's  territory,  a  fourth  adult  (Y)  also  occupied  a 
centrally  located  territory.  The  predominance  of  adults  near  the  center 
of  the  ground  indicates  that  this  area  marks  the  location  of  the  most 
dominant  individuals .  It  is  known,  from  this  study  as  well  as  those  of 
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Peterle  (1954)  and  Scott  (1950),  that  the  majority  of  copulations  occur 
at  or  near  the  middle  of  the  dancing  ground.  This  also  indicates  that 
the  cocks  near  the  center  of  the  ground  are  dominant  to  those  that  are 
located  near  the  periphery. 

If  a  dominance  hierarchy  radiating  outwards  from  the  center 
of  the  ground  does  occur,  then  a  bird  would  not  normally  be  able  to 
extend  the  limits  of  his  territory  towards  the  center  of  the  ground. 
Males  such  as  X2,  which  direct  most  of  their  interactions  towards  more 
centrally  located  cocks,  would  have  small  territories;  they  would  not 
direct  a  sufficient  number  of  their  interactions  outwards  to  stop  the 
encroachments  of  the  peripherally  located  cocks.  Males  that  direct 
most  of  their  interactions  outwards,  such  as  B  and  X7,  would  not  only 
be  able  to  stop  the  advances  of  the  peripheral  cocks,  but  would  also 
be  able  to  enlarge  their  territories,  or  maintain  large  territories 
once  they  were  established,  by  driving  and  holding  the  peripheral  cocks 
farther  from  the  center  of  the  ground. 

This  explanation  is  consistent  with  the  relationship  between 
dominance  status,  defense  ratio,  and  territory  size.  The  centrally 
located  cocks  may  have  either  a  similar  or  a  much  lower  dominance  rank 
than  the  master  cock.  If  their  rank  is  similar  to  that  of  the  master 
cock,  they  will  direct  most  of  their  interactions  centrally.  If,  in 
addition,  they  are  adjacent  to  several  other  birds  whose  rank  is 
similar  to  their  own,  their  territories  and  defense  ratios  will  be 
small  (e.g.  0-R  and  X2) .  If,  on  the  other  hand,  one  or  more  of  the 
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cocks  located  either  laterally  or  peripherally  to  them  is  well  below 
them  in  dominance  rank,  they  would  be  able  to  maintain  a  large  terri¬ 
tory  despite  the  large  proportion  of  interactions  that  they  direct 
towards  the  center  of  the  ground  (e.g.  X4) . 

If  a  centrally  located  cock  has  a  much  lower  donu  nance  rank 
than  the  master  cock,  he  would  direct  most  of  his  interactions  away  from 
the  center  of  the  dancing  ground.  The  final  size  of  his  territory  would 
then  depend  on  the  dominance  of  the  other  cocks  adjacent  to  him.  If 
the  rank  of  each  adjacent  cock  was  similar  to  his  own,  his  territory 
would  be  smaller  than  expected  on  the  basis  of  the  proportion  of  inter¬ 
actions  directed  centrally  (e.g.  X3).  If  the  rank  of  one  or  more  of 
the  adjacent  cocks  was  very  low,  his  territory  would  be  larger  than 
expected  (e.g.  R-W) . 

The  size  of  a  cock's  territory  appears  to  be  the  result  of 
a  balance  reached  between  two  separate  tendencies;  to  be  as  close  as 
possible  to  the  center  of  the  ground  as  defined  by  the  location  of 
the  master  cock,  and  to  maintain  as  large  a  territory  as  possible. 

The  behavior  of  the  master  cock  illustrates  both  tendencies:  he  is 
located  at  the  center  of  the  ground,  and  his  territory  is  larger  than 
that  of  either  0-G  or  X2.  The  extremes  between  the  two  tendencies 
are  illustrated  by  the  behavior  of  0-G  and  X7.  The  large  proportion 
of  interactions  directed  at  the  master  cock  by  0-G  illustrates  the 
tendency  to  move  towards  the  center  of  the  ground.  This  tendency  is 
maintained  at  the  expense  of  territory  size.  The  small  number  of 
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interactions  directed  at  the  master  cock  by  X7  indicates  that  this  cock 
is  not  attempting  to  reach  the  center  of  the  ground  by  displacing  the 
master  cock.  The  tendency  of  X7  to  interact  with  the  less  dominant 
peripherally  located  cocks  enables  him  to  maintain  a  large  territory 
at  the  expense  of  moving  closer  to  the  center  of  the  ground.  Of  these 
two  tendencies,  movement  towards  the  center  of  the  dancing  ground  would 
be  associated  with  the  greater  reproductive  advantage,  because  most  of 
the  mating  is  done  at  the  center  of  the  ground,  by  the  master  cock. 

Hence,  I  believe  that  the  most  fundamental  behavior  pattern  governing 
territory  size  is  the  proportion  of  an  individual’s  interactions  that 
are  directed  at  rivals  located  closer  to  the  center  of  the  ground.  The 
magnitude  of  this  proportion  would  in  turn  be  a  function  of  the  dominance 
rank  of  the  cock. 

Although  dominance  rank  may  influence  the  proportion  of  a 
cock’s  interactions  that  are  directed  towards  the  center  of  the  ground, 
it  does  not  vary  directly  with  territory  size.  The  master  cock,  which 
is  assumed  to  be  the  most  dominant  cock  on  the  dancing  ground,  has  a 
large  territory  relative  to  those  occupied  by  cocks  directly  below  him 
in  the  dominance  hierarchy.  Tne  small  territories  of  these  latter  birds 
are  due  to  the  large  proportion  of  interactions  directed  towards  the 
master  cock.  The  next  lowest  cocks  in  the  dominance  hierarchy  may  be 
located  on  territories  that  are  either  adjacent  to  the  master  cock  or 
separated  from  him  by  one  or  more  others.  They  tend  to  have  larger 
territories,  because  they  direct  interactions  outwards  instead  of  to- 
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wards  the  master  cock.  Finally,  the  birds  assumed  to  be  the  least 
dominant  of  all  have  the  largest  territories.  They  are  located  on 
the  periphery  of  the  ground,  hence  there  are  no  rivals  located  more 
distally  to  them  which  could  cause  the  size  of  their  territories  to 
be  reduced. 

The  relationships  between  territory  size,  dominance  rank, 
and  the  tendency  of  the  cocks  either  to  enlarge  their  territory  or  to 
reach  a  position  near  the  center  of  the  dancing  ground  illustrates  a 
similarity  between  the  organization  of  Sharp-tailed  Grouse  dancing  grounds 
and  the  strutting  grounds  of  the  Sage  Grouse  (Centrocercus  urophasianus) . 
Scott  (1950),  in  his  discussion  of  the  mating  behavior  of  the  Sage  Grouse, 
noted  that  each  strutting  ground  contains  a  dominant  cock,  a  sub-cock, 
a  ring  of  guard  cocks,  and  several  other  less  dominant  cocks.  The  mating 
area  is  occupied  by  the  dominant  and  sub-cocks;  the  guard  cocks  apparently 
fight  off  any  peripherally  located  cocks  which  try  to  reach  the  mating 
spot.  A  similar  interpretation  could  be  applied  to  the  sharptail  dancing 
ground  shown  in  Figure  22.  XI,  the  dominant  cock,  is  adjacent  to  0-G, 
who  could  be  considered  the  sub-cock.  X7,  G,  B,  and  Y-B,  all  direct 
most  of  their  interactions  either  laterally  or  peripherally,  hence  they 
could  be  termed  guard  cocks.  The  small  number  of  cocks  shown  in  Figure 
22  compared  to  the  numbers  present  on  Sage  Grouse  strutting  grounds 
would  explain  why  there  is  not  a  ring  of  guard  cocks  surrounding  the 
dominant  and  sub-cocks'  areas. 

Although  this  description,  as  applied  to  sharptail  dancing 
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grounds,  does  appear  to  be  functionally  correct,  it  is  an  unwarranted 
assumption  that  the  guard  cocks  are  primarily  concerned  with  keeping 
the  mating  spot  clear  of  peripheral  cocks  so  that  normal  matings  may 
proceed  uninterrupted.  I  believe  that  it  would  be  exceptional  if  the 
behavior  of  these  guard  cocks  should  increase  the  probability  of  another 
cock  leaving  progeny  at  the  expense  of  their  own  chances.  It  is  more 
probable  that  because  these  birds  are  unable  to  displace  the  master 
cock  from  the  center  of  the  ground,  they  increase  their  probability 
of  obtaining  a  mate  by  expanding  their  territory  size  as  much  as  pos¬ 
sible.  Cocks  such  as  0-G,  on  the  other  hand,  increase  their  probability 
of  obtaining  a  mate  by  directing  their  acts  of  aggression  at  the  master 


cock. 
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Figure  25 

Location  of  female  Sharp-tailed  Grouse  in  relation  to  the  territory  of  the 
master  cock  on  Dancing  Ground  8f  Bodo.  Based  on  data  obtained  during  the 
mating  peak  of  I960.  Each  dot  represents  the  location  of  a  female. 
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BEHAVIOR  OF  THE  FEMALES 

Like  the  cocks,  female  sharptails  may  either  walk  or  fly 
onto  the  dancing  grounds  in  the  morning.  Although  they  tend  to  be 
found  on  a  definite  portion  of  the  ground  each  morning,  they  do  not 
defend  a  territory.  They  may  peck  or  chase  each  other  occasionally, 
but  they  usually  do  not  show  any  form  of  aggressive  or  threat  behavior. 

Soon  after  the  females  arrive  on  the  ground,  they  tend  to  move 

territory  of  the 

into  a  position  on  or  near  the/ master  cock.  This  tendency  is  especially 
evident  during  the  peak  of  the  mating  season.  The  location  of  females 
in  relation  to  the  territory  of  the  master  cock  on  Dancing  Ground  8 
is  shown  in  Figure  25.  This  figure  is  based  on  data  obtained  on  six 
mornings  during  the  mating  peak  of  I960.  The  dots  represent  the  locations 
of  the  females  present  on  the  Ground  at  random  intervals  during  these 
mornings.  Forty  seven  per  cent  of  the  locations  plotted  in  Figure  25 
fall  within  the  master  cock’s  maximum  territory  boundary;  a  large  pro¬ 
portion  of  the  remainder  are  located  near  this  boundary.  The  proportions 
of  the  plotted  locations  that  fall  within  the  territories  of  the  cocks 
adjacent  to  the  master  cock  are  as  follows:  X7  -  13  per  cent;  0-G  -  8 
per  cent;  X4  -  8  per  cent;  G  -  6  per  cent;  X9  -  6  per  cent;  X8  -  5  per 
cent . 

The  tendency  of  the  females  to  occupy  a  portion  of  the  master 
cock's  territory  was  most  pronounced  during  the  periods  when  the  maximum 
daily  numbers  of  females  were  present.  The  largest  number  of  females 
observed  on  the  territory  of  the  master  cock  during  one  of  these  periods 
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was  ten.  Later  in  the  morning,  when  fewer  females  were  present,  they 
tended  to  be  more  widely  dispersed  over  the  dancing  ground.  This  dis¬ 
persal  of  the  females,  which  usually  occurred  shortly  before  they  left 
the  ground  each  morning,  accounts  for  the  position  of  the  dots  in 
Figure  25  that  are  near  the  periphery  of  the  ground. 

As  pointed  out  by  Ammann  (1957),  there  is  a  greater  concen¬ 
tration  of  females  near  the  center  of  the  dancing  grounds  during  the 
peak  of  the  breeding  season  than  earlier  in  the  spring,  before  the  fe¬ 
males  are  physiologically  ready  to  mate.  The  relationship  between  the 
physiological  condition  of  a  female  and  the  position  she  occupies  on 
the  dancing  ground  also  appears  to  hold  true  for  individual  hens  during 
the  mating  peak  (Peter le,  1954).  According  to  this  author,  a  female 
tends  to  move  from  the  edge  of  the  ground  towards  the  center  as  she 
approaches  breeding  condition. 

Observations  made  at  random  intervals  on  Dancing  Ground  8 
during  the  mornings  of  May  23,  25,  and  27  in  I960,  show  that  at  that 
time  the  females  utilized  the  territory  of  the  master  cock  more  fre¬ 
quently  than  any  other  portion  of  the  Ground.  The  proportion  of  plotted 
locations  falling  within  the  master  cock's  territory  in  late  May  was 
40  per  cent.  The  concentration  of  females  on  the  territory  of  the 
master  cock  in  late  May  indicates  that  the  physiological  condition 
of  the  females  that  were  present  on  the  dancing  grounds  at  that  time 
was  similar  to  that  of  the  females  that  frequented  the  grounds  during 


the  mating  peak. 
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During  the  mating  peak,  females  typically  left  the  dancing 
grounds  by  flying,  sometimes  singly,  but  more  often  in  small  groups 
of  from  two  to  four  each.  Some  of  the  stragglers  which  remained  on 
the  ground  later  in  the  morning,  as  well  as  some  of  those  which  were 
present  after  the  mating  peak,  also  flew  directly  off  the  dancing 
ground.  More  frequently,  however,  they  either  walked  to  the  edge  of 
the  dancing  ground  before  flying,  or  walked  off  it  without  flying. 
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MATING  BEHAVIOR 

Sharp-tailed  Grouse  matings  are  not  commonly  observed,  even 
during  the  mating  peak.  Because  of  this,  some  workers  have  concluded 
that  most  of  the  matings  do  not  occur  on  the  dancing  grounds.  For 
example.  Grange  (1950)  concluded  that  matings  probably  occur  after  the 
cessation  of  the  morning  display  period,  when  the  cocks  are  no  longer 
directing  their  attention  towards  each  other.  Hamer strom  (1940) 
expressed  a  similar  conclusion  for  the  mating  behavior  of  the  Greater 
Prairie  Chicken  (Tympanuchus  cupido) .  He  held  the  opinion  that  the 
small  numbers  of  copulations  observed  on  the  booming  grounds  of  this 
species  would  not  be  sufficient  to  allow  for  successful  reproduction. 
In  contrast  to  the  views  of  Grange  and  Hamerstrom,  both  Hart  et  al. 
(1950)  and  Peterle  (1954)  believe  that  the  main  significance  of  the 
dancing  ground  is  to  provide  a  means  of  attracting  females  for  purposes 
of  mating.  Peterle  (ibid.)  states  that  all  of  the  matings  observed  by 
him  occurred  at  or  near  the  center  of  the  dancing  ground.  From  this  he 
concluded  that  the  majority  of  females  are  serviced  by  the  centrally 
located  adult  cocks.  Scott  (1950)  also  observed  that  Sharp-tailed 
Grouse  matings  occurred  near  the  center  of  the  dancing  ground.  In 
addition,  Scott  found  that  the  females  were  serviced  by  the  master 
cock.  My  studies  at  Bodo  indicate  that  a  sufficient  number  of  matings 
occurred  on  the  dancing  grounds  to  account  for  the  fertility  of  the 
females,  and  that  matings  which  occurred  on  each  dancing  ground  were 
usually  performed  by  the  master  cock. 
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Observations  of  20  matings  or  attempted  matings  which  occurred 
on  Dancing  Grounds  8  and  12  at  Bodo  in  I960  showed  that  with  one  exception, 
these  were  performed  by  the  master  cocks.  Neither  of  the  two  master  cocks 
were  banded,  but  there  is  no  doubt  that  they  were  responsible  for  the 
matings:  after  each  mating,  records  of  their  movements  were  maintained 
for  a  time  sufficient  to  establish  that  the  cocks  were  using  the  pre¬ 
viously  mapped  territories  attributed  to  them. 

Copulations  were  observed  on  the  dancing  grounds  from  one  to 
64  minutes  after  the  arrival  of  the  females.  During  the  mating  peak, 
copulations  usually  occurred  soon  after  the  females  had  arrived  on  the 
dancing  ground.  Twelve  matings  that  occurred  between  April  28  and  May 
7  of  I960  took  place  an  average  of  19  minutes  after  the  first  female 
had  reached  the  dancing  ground.  Eight  matings  that  were  observed  be¬ 
tween  May  23  and  27  took  place  an  average  of  36  minutes  after  the  first 
female  had  arrived.  These  data  indicate  that  matings  tend  to  be  delayed 
relative  to  the  onset  of  dancing  ground  activities  during  late  May. 

Matings  occurred  when  the  number  of  females  present  was  equal 
to  or  only  slightly  below  the  maximum  number  of  females  observed  on 
the  ground  during  the  same  morning.  This  is  shown  in  Table  IX,  where 
the  numbers  of  females  present  on  Dancing  Grounds  8  and  12  during  the 
time  when  matings  or  attempted  matings  were  observed,  and  the  maximum 
number  of  females  known  to  have  been  present  on  the  Grounds  each  day 
are  listed.  The  time  of  day  that  each  of  the  observed  matings  occurred 


is  also  listed  in  Table  IX 
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Table  IX.  Time  at  which  matings  or  attempted  matings  were  observed, 

in  relation  to  the  number  of  females  on  the  dancing  grounds. 


Dancing  Time  of  Females ,  Number  of 

Date  ground  matings  daily  females  when 

A.M.  maximum  mating  occurred 


April  28 

29 

May  1 
2 

5 

6 

7 

23 

25 


12 

4:32 

13 

8 

12 

5:00 

13 

13 

12 

4:20 

21 

8 

12 

4:31 

21 

20 

12 

4:35 

21 

20 

12 

4:26 

13 

11 

12 

4:35 

21 

19 

8 

4:38 

8 

8 

8 

4:05 

9 

6 

8 

4:21 

9 

8 

8 

4:13 

6 

6 

8 

4:21 

6 

5 

8 

3:43 

3 

2 

8 

3:49 

3 

3 

8 

4:02 

3 

3 

8 

5:33 

3 

3 

8 

5:35 

3 

3 

8 

5:37 

3 

3 

8 

3:56 

4 

4 

8 

4:25 

4 

1 

27 
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The  tendency  of  the  females  to  mate  when  the  maximum  daily 
numbers  were  present  may  indicate  that  females  that  were  physiologically 
ready  to  mate  were  stimulated  to  do  so  by  the  presence  of  several  others 
on  the  master  cock’s  territory.  It  is  also  possible  that  the  time  at 
which  most  matings  occur  is  a  direct  function  of  the  number  of  potential 
mates  present  on  the  master  cock's  territory:  the  greater  the  number  of 
females,  the  greater  the  probability  that  at  least  one  of  them  would  be 
ready  to  mate.  Although  both  of  these  factors  probably  influence  the 
tendency  for  matings  to  occur  when  females  are  present  in  maximum  numbers, 
I  think  that  the  time  of  day  is  the  main  factor  governing  both  the  number 
of  females  present  and  the  probability  that  matings  will  occur  if  there 
are  females  on  the  dancing  ground.  It  is  probable  that  the  behavior 
patterns  responsible  for  these  variables  are  manifestations  of  different 
intensities  of  the  same  psychological  state.  The  intensity  would  be  a 
function  of  the  physiological  condition  of  the  female;  the  state  would 
be  due  to  the  external  stimulus,  light. 

During  late  April  and  early  May,  when  an  average  of  13.4  females 
were  on  the  dancing  grounds  each  day,  the  average  number  of  matings 
was  1.7  per  day.  In  late  May,  when  an  average  of  only  3.2  females  were 
present  each  day,  the  average  number  of  matings  was  2.7  per  day.  These 
figures,  which  are  calculated  from  the  data  listed  in  Table  IX,  show 
that  the  frequency  of  matings  does  not  vary  directly  with  the  number 
of  females  on  the  dancing  ground.  If  all  of  the  females  on  the  grounds 
were  in  a  similar  physiological  condition,  the  frequency  of  matings 
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should  be  directly  related  to  the  number  of  females  present.  Since  it 
is  not,  it  can  be  concluded  that  the  physiological  conditions  necessary 
to  cause  or  allow  the  females  to  mate  were  not  present  to  the  same 
extent  in  the  females  which  visited  the  dancing  grounds  on  different 
days.  The  females  that  came  to  the  grounds  in  late  April  and  early  May 
were,  on  the  average,  less  ready  to  mate  than  those  which  were  present 
in  late  May. 

It  is  probable  that  differences  between  females  in  their  readi¬ 
ness  to  mate  are  brought  about  by  variations  in  the  level  of  sex  hormones 
at  different  times  during  the  spring.  It  is  well  known  that  the  onset 
of  mating  behavior  in  the  females  of  most  species  is  correlated  with  a 
rise  in  the  level  of  estrogens  (Beach,  1948).  The  role  of  estrogens  in 
producing  mating  behavior  in  a  galliform  species  was  shown  experimentally 
by  Noble  and  Zitrin  (1942),  who  produced  squatting  in  six  young  female 
chickens  by  the  injection  of  oestradiol  benzoate.  It  is  known,  in 
addition,  that  the  intensity  of  sexual  behavior  in  birds  varies  with 
the  amount  of  sex  hormones  released  by  the  gonads  (Bullough,  1945).  If 
these  relationships  may  be  considered  typical  of  sharptails,  then  it  is 
evident  that  the  high  frequency  of  matings  that  occurred  during  the 
latter  part  of  May  was  related  to  correspondingly  high  levels  of  estro¬ 
gens  in  the  females  at  that  time. 

It  is  possible  that  high  estrogen  levels  in  late  May  could  be 
due  to  the  lateness  of  breeding.  The  females  on  the  dancing  ground  at 
this  time  could  represent  instances  of  delayed  sexual  maturation. 
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This  is  not  likely,  however,  as  a  delay  in  sexual  maturation  should  be 
correlated  with  low,  rather  than  high  estrogen  levels.  From  evidence 
obtained  at  Bodo  during  I960,  I  think  it  is  more  probable  that  if  high 
estrogen  levels  occur  in  females  on  the  grounds  during  the  latter  part 
of  May,  they  were  due  to  previous  nesting  activities  of  these  females. 

As  pointed  out  by  Hohn  (1961),  estrogen  levels  in  female  birds 
are  maintained  at  a  high  level  during  the  egg-laying  period.  High  estro¬ 
gen  levels  at  this  time  are  required  for  the  deposition  and  storage  of 
calcium  needed  for  shell  formation.  After  the  period  of  laying,  and 
associated  with  the  onset  of  incubation,  there  is  an  abrupt  drop  in 
estrogen  levels.  Reduction  in  estrogen  levels  at  this  time  may  be 
due  to  the  antigonadal  effect  of  prolactin  (H&hn,  ibid.) .  Since  estro¬ 
gen  levels  are  high  during  the  laying  period,  but  low  during  the  period 
of  incubation,  it  is  possible  that  the  females  on  the  grounds  in  late 
May  had  high  estrogen  levels  because  they  had  recently  been  laying.  If 
this  is  true,  then  these  females  must  have  mated  more  than  once  during 
the  season. 

Two  or  more  matings  per  season  by  the  females  on  the  dancing 
ground  in  late  May  could  indicate  that  a  single  mating  was  not  suffi¬ 
cient  to  ensure  that  all  of  the  eggs  in  their  first  clutches  would  be 
fertile.  On  the  other  hand,  a  second  mating  could  indicate  that  the 
original  clutches  had  been  destroyed,  and  that  additional  matings  were 
required  before  second  clutches  of  fertile  eggs  could  be  laid.  It 
is  not  known  which,  if  either,  of  these  alternatives  is  correct,  but 
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Figure  26 

Diagrammatic  representation  of  the  temporal  relationships  be¬ 
tween  attendence  of  females  on  the  dancing  grounds,  onset  of 
incubation,  and  hatching  for  Sharp-tailed  Grouse  at  Bodo  in 
1960. 
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I  think  it  is  most  probable  that  the  nests  of  these  females  were  lost 
or  abandoned  during  or  after  the  original  period  of  egg  laying,  and 
before  the  commencement  of  incubation.  It  is  not  definitely  known 
that  female  sharptails  renest  after  the  loss  of  an  original  clutch, 
but  several  authors  are  of  the  opinion  that  this  behavior  is  typical 
(e.g.,  Ammann,  1957;  Hart  et  al.,  1950;  Cartwright,  1944). 

Evidence  in  agreement  with  this  viewpoint  is  presented  in 
Figure  26.  The  curve  representing  the  number  of  females  on  the  Dancing 
Ground  is  based  on  data  shown  in  Figure  7.  The  curve  representing 
the  number  of  broods  that  had  hatched  at  various  times  during  late  May 
and  early  June  is  based  on  collections  of  chicks  at  Bodo  in  I960.  The 
age  of  the  chicks  was  determined  according  to  the  progression  of  the 
growth  and  moult  of  their  primary  feathers.  Chicks  of  known  age  were 
not  available  to  use  as  a  standard,  hence  the  data  presented  by  Baker 
(1953)  for  the  Greater  Prairie  Chicken  w€>k  used.  The  center  curve  in 
Figure  26  represents  the  onset  of  incubation.  As  records  based  on 
direct  observations  of  the  onset  of  incubation  were  not  obtained,  the 
time  scale  for  this  curve  is  based  on  that  of  the  hatching  peak.  The 
means  of  these  two  curves  are  separated  by  a  period  of  24  days,  which 
is  assumed  to  be  the  time  required  for  incubation. 

The  peak  of  female  attendance  on  the  dancing  grounds  at  Bodo 
in  I960  was  found  to  occur  during  the  week  of  April  27  to  May  3.  As 
shown  in  Figure  26,  the  hatching  peak  for  this  same  year  was  42  days 
later:  most  broods  hatched  during  the  week  of  June  8  to  14.  This 
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interval  of  42  days  compares  favorably  with  the  45  day  period  generally 
assumed  necessary  for  egg  laying  and  incubation  in  grouse  (Leopold,  1948), 
If  the  mating  and  hatching  peaks  are  separated  by  a  period  of  42  days, 
then  it  is  evident  that  the  females  must  normally  commence  laying  almost 
immediately  after  having  completed  a  successful  mating  on  the  dancing 
ground.  If  the  females  normally  mated  more  than  once  during  the  laying 
of  each  clutch,  then  the  curve  representing  the  mating  peak  should  not 
follow  the  same  shape  as  the  curve  representing  the  hatching  peak.  If 
second  or  third  matings  occurred,  the  number  of  females  in  attendance 
on  the  dancing  grounds  should  have  remained  high  almost  until  the  onset 
of  incubation.  Because  it  did  not,  I  think  it  is  probable  that  a  single 
mating  is  sufficient  to  allow  a  female  to  lay  a  clutch  of  fertile  eggs. 

If  this  is  true,  and  if  the  females  on  the  dancing  grounds  in  late  May 
were  more  receptive  because  their  estrogen  levels  were  high  due  to 
recent  laying,  then  it  may  be  concluded  that  these  females  were  on  the 
grounds  to  be  serviced  before  attempting  to  renest. 

It  is  not  established  that  second  nestings  by  female  sharptails 
would  necessitate  a  second  mating.  Evidence  available  from  other  galli- 
form  species,  however,  indicates  that  matings  prior  to  the  establishment 
of  the  first  clutch  would  not  normally  be  sufficient  to  allow  for  the 
production  of  fertile  eggs  in  any  subsequent  clutches.  From  studies 
with  Ruffed  Grouse  (Bonasa  umbellus )  held  in  captivity,  La  Rue  (1935) 
concluded  that  in  this  species,  one  mating  would  probably  fertilize  only 
three  eggs,  provided  these  were  laid  over  a  period  not  exceeding  six 
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days.  In  the  domestic  chicken,  matings  have  a  more  prolonged  effect. 

The  average  number  of  fertile  eggs  produced  after  single  matings  in 
58  hens  studied  by  Nicolaides  (1934)  was  6.46.  Because  several  of 
these  hens  stopped  laying  soon  after  they  were  inseminated,  this  average 
figure  represents  a  conservative  estimate  of  the  number  of  fertile  eggs 
that  can  normally  be  expected  after  a  single  mating.  According  to  Parker 
(1949),  the  average  female  fowl  remains  fertile  for  11  to  15  days.  In 
view  of  these  data,  it  is  probable  that  in  Sharp-tailed  Grouse,  only 
those  females  whose  nests  were  destroyed  during  the  early  stages  of 
laying  would  be  able  to  lay  another  clutch  of  fertile  eggs  without  re¬ 
turning  to  the  dancing  grounds  for  another  mating. 

Because  most  of  the  females  whose  first  clutch  was  successful 
had  commenced  incubation  before  late  May,  the  conclusion  that  the  females 
on  the  dancing  grounds  in  late  May  had  previously  lost  or  deserted  their 
original  clutches  before  the  onset  of  incubation  requires  one  additional 
assumption,  i.e.,  that  a  time  lapse  of  approximately  one  week  occurred 
between  the  loss  of  the  unsuccessful  nests  and  the  appearance  of  females 
on  the  dancing  grounds  for  second  matings.  Because  of  the  disruptive 
effects  that  would  normally  be  associated  with  the  loss  of  a  clutch, 
this  assumption  appears  to  be  reasonable. 

Except  for  differences  in  frequency  and  times  of  mating,  the 
relationships  between  the  males  and  females  were  similar  throughout 
the  period  that  females  were  observed  on  the  dancing  grounds .  The 
presence  of  females,  whether  during  the  mating  peak  or  in  June,  stimu- 
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lated  the  cocks  to  display  more  frequently,  and  to  direct  their  dis¬ 
plays  towards  any  females  which  were  on  or  near  their  territories. 

From  the  last  week  of  April  until  mid  June,  the  females  either  moved 
about  among  the  cocks,  or  remained  standing  or  sitting  quietly,  usually 
on  the  territory  of  the  master  cock. 

When  females  arrived  on  the  grounds  in  the  morning,  the 
directions  of  their  movements  appeared  to  be  random.  Some  paused 
briefly  on  the  territories  of  various  peripherally  and  centrally  located 
cocks  before  moving  further  across  the  ground.  Others  went  directly  to 
the  territory  of  the  master  cock.  The  movements  of  individual  females 
throughout  the  entire  period  that  they  were  present  on  the  dancing 
ground  were  not  recorded,  but  observations  of  different  females  at 
various  times  during  the  mornings  indicated  that  the  movements  of  the 
females  and  the  positions  on  the  dancing  ground  where  these  females 
stopped,  were  governed  by  the  frequency  and  direction  of  the  approaches 
of  the  cocks.  The  behavior  of  an  individual  cock  whenever  a  female 
approached  his  territory  suggested  that  the  direction  from  which  he 
danced  towards  a  female  was  orientated  in  such  a  way  that  the  female 
tended  to  be  kept  within  the  confines  of  his  territory.  When  a  non- 
receptive  female  was  approached  from  behind,  she  would  move  away  from 
the  cock.  This  behavior  would  account  for  many  of  the  movements  of 
females  from  the  territory  of  one  cock  to  that  of  another. 

Because  of  the  manner  in  which  the  behavior  of  the  cocks 
influenced  the^novement  of  the  females,  I  think  that  the  main  factor 


an  a1*)®  ecM  £  e  u.  '  tg  arid  no  bw  nt  .■■fan®?.  florfW 

* 

■ 

fiWfw  .'  e  ••oro  r  "  \  '  . -o  ■  •  gn Ti  c-f  id  ; -so  : 

©fioso-y:  ^  -'0  :  •!•'  ■  "■/  •  :L  ;d  ;  v*  •  .  -  &  ht-r 5 

- 

'  -I-  ■  V-  '•  "  fC  J  .  ■'  j  :',i,  '  ■  :: 

•V  ■  .  -vu:  v  ^r,-K  ;  :JT  rr.;.: 

.>•:  J.  .■:■■  C  .  'ifd  ,m”i  i  ;  I.  W  '". 

^  fcc  r .  ..  ■  i  .  oj  :  i . .1;  I  -[n-v  •  to  t  0e( 


105 


determining  where  the  greatest  concentration  of  females  will  occur 
is  the  efficiency  with  which  the  cocks  are  able  to  keep  the  females 
on  their  territories .  The  manner  in  which  the  master  cock  "herded" 
the  females  so  that  they  would  not  leave  his  territory  appeared  to 
be  more  efficient  than  that  of  any  of  the  other  cocks.  Because  of 
this,  the  maximum  concentration  of  females  was  on  the  territory  of  the 
master  cock. 

The  small  number  of  matings  each  day  compared  to  the  number 
of  females  on  the  dancing  grounds  indicates  that  females  come  to  the 
dancing  grounds  for  several  days  before  thejr  mate.  This  is  also 
shown  by  records  of  banded  females  which  came  to  the  dancing  grounds 
on  several  successive  mornings.  The  first  day  that  females  arrived  on 
a  dancing  ground,  their  movements  are  probably  governed  by  the  behavior 
of  the  cocks.  Within  one  or  two  days,  these  females  would  probably 
have  reached  the  territory  of  the  master  cock,  where  they  would  stay 
for  periods  of  up  to  approximately  one-half  hour.  If  they  reached  the 
territory  of  the  master  cock  on  several  successive  days,  they  would 
become  habituated  to  it,  so  that  they  would  tend  to  move  directly  to 
it  when  they  arrived  on  the  dancing  ground.  This  would  account  for 
the  behavior  of  those  females  which  did  not  usually  stop  on  the  terri¬ 
tories  of  the  sub-dominant  cocks.  By  the  time  that  these  females  were 
ready  to  mate,  they  would  normally  be  on  the  territory  of  the  master 
cock  whenever  they  were  on  the  dancing  ground.  Hence,  most  matings 
would  be  done  by  the  master  cock  on  his  own  territory. 
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When  several  females  are  present  on  a  dancing  ground  at  one  time, 
cocks  usually  direct  their  attentions  towards  the  female  closest  to  them; 
the  master  cock  and  those  adjacent  to  him  do  not  tend  to  direct  their 
displays  towards  the  same  female.  When  the  master  cock  copulates  with  a 
female  which  is  squatting  on  his  territory,  the  cocks  adjacent  to  him 
are  usually  directing  their  displays  at  females  located  either  on  their 
territories  or  near  the  edge  of  the  territory  of  the  master  cock. 

Because  of  this,  there  is  very  little  interference  with  the  copulations 
that  occur  during  the  mating  peak.  At  Bodo  in  I960  only  one  of  the  12 
matings  that  were  observed  either  during  or  shortly  after  the  mating 
peak  was  accompanied  by  attacks  on  the  master  cock. 

According  to  Scott  (1950),  when  "the  master  cock  mounts  a  hen, 
he  is  always  attacked  by  one,  two,  or  three  other  cocks."  This  statement 
was  not  supported  by  the  data  obtained  at  Bodo  during  the  mating  peak 
of  I960.  It  is  possible  that  the  differences  between  Scott's  observations 
and  my  own  are  the  result  of  differences  in  the  behavior  of  the  cocks 
due  to  variations  in  the  number  of  females  on  the  dancing  ground.  The 
one  example  of  mating  described  in  detail  by  Scott  (1950)  indicates  that 
there  was  only  one  female  present  when  it  occurred.  If  this  was  true, 
then  it  is  probable  that  several  cocks  would  have  been  directing  their 
attentions  towards  the  female  when  she  squatted.  Each  of  these  cocks 
would  be  free  to  attack  the  master  cock  when  he  attempted  to  mount  the 
female.  At  Bodo,  in  late  May,  when  there  were  few  females  on  the  grounds 
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when  matings  occurred,  instances  in  which  the  master  cock  was  attacked 
while  mounting  a  female  were  common.  At  this  time,  the  master  cock  was 
attacked  on  seven  of  the  eight  times  that  he  was  observed  to  mount  a 
female.  Thus,  attacks  on  the  master  cock  are  associated  with  times  when 
the  number  of  females  on  the  dancing  ground  is  small,  and  when  one  or 
more  of  the  cocks  that  are  adjacent  to  the  master  cock  are  directing 
their  attentions  towards  the  female  which  he  is  attempting  to  service. 

Cocks  located  near  the  center  of  the  dancing  ground  rarely 
leave  their  territory  when  females  are  on  the  dancing  ground.  If  none 
of  the  females  are  located  on  their  territories,  they  usually  move  to 
the  edge  of  their  territory  that  is  closest  to  the  females,  but  they  do 
not  go  beyond  the  territory  boundary.  This  behavior  is  also  charac¬ 
teristic  of  the  peripherally  located  cocks,  but  because  the  portions 
of  their  boundaries  that  are  situated  along  the  outermost  part  of  the 
ground  are  flexible,  they  may  move  up  to  approximately  200  yards  away 
from  the  main  display  area. 
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DISCUSSION 

Behavior  patterns 

According  to  Huxley  (1938),  the  following  criteria  must  be  met 
by  those  display  characters  assumed  to  have  been  evolved  primarily  for 
courtship  purposes:  1)  they  must  be  striking,  2)  they  must  in  fact  be  used 
for  display  before  the  other  sex,  and  3)  they  must  be  complex  enough  so 
as  not  to  be  merely  by-products  of  physiological  excitement.  When  con¬ 
sidered  in  terms  of  these  criteria,  it  is  probable  that  some  aspects  of 
the  courtship  display  of  Sharp-tailed  Grouse  did  not  arise  as  a  direct 
result  of  the  selective  premium  placed  on  them  during  the  process  of 
mating.  Some  parts  of  the  display  appear  to  have  become  incorporated 
only  after  they  were  partially  developed  in  association  with  other 
behavior  patterns. 

Two  structures  associated  with  the  courtship  display  of  the 
Sharp-tailed  Grouse  appear  to  have  arisen  as  a  result  of  physiological 
excitement  produced  when  one  individual  of  the  species  comes  in  contact 
with  one  or  more  others.  The  origin  of  these  structures,  i.e.,  the 
bright  coloration  of  the  air  sac  and  the  yellow  skin  over  the  eyes, 
may  be  attributed  to  increased  activity  of  the  autonomic  nervous 
system,  and  more  specifically,  the  sympathetic  nervous  system.  Such 
increases  in  the  activity  of  the  sympathetic  nervous  system  accompany 
any  conflict  situation  between  two  or  more  individuals  (Morris,  1956). 

Both  the  vasodilation  thought  to  be  responsible  for  the  coloration 
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present  in  the  air  sac,  and  the  piloerection  needed  to  render  the  eye 
patch  conspicuous,  are  typical  manifestations  of  underlying  sympathetic 
activity. 

Vasomotor  and  pilomotor  responses  are  associated  with  thermore¬ 
gulation.  In  his  discussion  of  the  relation  between  display  characters 
and  the  autonomic  nervous  system,  Morris  (ibid.)  points  out  that  in 
addition  to  the  prevalence  of  displays  associated  with  thermoregulatory 
responses,  some  display  characters,  such  as  the  distension  of  air  sacs, 
may  result  from  respiratory  alterations  brought  on  by  sympathetic  action 
during  conflict  situations.  It  is  thus  possible  that  the  respiratory 
movements  necessary  to  cause  inflation  of  the  air  sac  in  Sharp-tailed 
Grouse  also  originated  as  a  by-product  of  physiological  excitement  pro¬ 
duced  by  social  contacts  between  different  members  of  the  species.  If 
this  is  true,  then  it  is  evident  that  the  specialized  nature  of  these 
autonomic  responses  at  the  present  time  represents  a  large  change  from 
their  original  form.  The  elaboration  of  these  characters  may  be  assumed 
to  be  due  to  the  action  of  selective  forces  favoring  those  individuals 
in  which  the  incipient  characters  were  best  developed. 

Although  individuals  possessing  such  characters  must  have  had 
a  selective  advantage  over  those  in  which  the  characters  were  less 
well  developed,  they  need  not  have  been  favored  because  of  these  same 
characters.  On  the  contrary,  it  is  more  probable  that  both  the  inten¬ 
sity  of  the  sympathetic  responses  responsible  for  these  characters,  and 
the  selective  advantage  maintained  by  the  individuals  possessing  them. 
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are  a  function  of  dominance.  As  has  been  shown  for  the  canary  (Sho€maker, 
1939) ,  the  pigeon  (Masure  and  Allee,  1934),  and  the  domestic  chicken 
(Noble,  1939),  the  most  dominant  individuals  tend  to  make  the  most  social 
interactions.  If  this  is  true  for  sharptails,  then  the  display  characters 
based  on  autonomic  responses  should  be  best  developed  in  the  most  dominant 
individuals,  as  these  individuals  would  be  exposed  to  the  greatest  number 
of  situations  involving  conflicts  between  aggression  and  defense.  The 
frequency  of  the  alleles  responsible  for  these  characters  should  increase, 
due  to  the  greater  productivity  of  the  most  dominant  individuals  (Davis, 
1952;  Collias ,  1950). 

Because  of  the  close  association  between  autonomic  responses  and 
situations  in  which  aggressive  and  defensive  behavior  are  predominant,  it 
is  possible  that  characters  based  on  autonomic  responses  could  come  to 
serve  as  threats.  The  further  elaboration  of  these  threats  could  then  be 
a  result  of  an  increase  in  dominance  of  the  cocks  in  which  they  were  best 
developed.  When  fully  or  partially  developed,  these  characters  could 
then  have  become  incorporated  into  the  mating  display.  If  so,  then  they 
would  represent  examples  of  ritualization  which,  according  to  Huxley 
(1914),  occurs  in  instances  in  which  "the  same  act  which  first  subserved 
a  definite  purpose  directly  comes  later  to  subserve  it  only  indirectly 
(symbolically),  and  then  not  at  all."  The  air  sac  and  eye  patches  are 
sometimes  displayed  during  threats,  hence  the  change  in  function  asso¬ 
ciated  with  ritualization  in  these  characters  is  not  complete. 

Like  the  morphological  characters  of  autonomic  origin,  it  is 


possible  that  some  of  the  behavior  patterns  associated  with  the 
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courtship  and  mating  display  of  the  Sharp-tailed  Grouse  may  have  origi¬ 
nated  as  a  result  of  conflict  situations.  According  to  Hinde  (1961), 
courtship  in  birds  is  normally  associated  with  a  conflict  between  the 
tendencies  to  attack  and  to  flee.  Hinde  also  states  that  when  conflicts 
of  this  nature  are  present,  the  behavior  of  the  birds  may  be  somatic 
manifestations  of  either  or  both  of  these  opposing  tendencies. 

Two  of  the  behavior  patterns  characteristic  of  the  courtship 
display  of  Sharp-tailed  Grouse  cocks  contain  elements  common  to  the 
tendencies  of  attacking  and  fleeing.  The  outstretched  wings  typical 
of  both  the  active  and  passive  phases  of  the  dance  could  have  been 
derived  from  preparatory  flight  movements.  The  rapid  vibration  of 
the  re^trices  that  is  characteristic  of  the  active  phase  of  the  dance 
may  be  interpreted  in  a  similar  manner. 

Rapid  movements  of  the  rect rices  and  outstretched  wings  are 
not  confined  to  conflict  situations  present  during  courtship. 
Outstretched  wings  are  characteristic  of  most  threat  postures.  The 
most  intense  threats,  which  would  presumably  be  associated  with  the 
greatest  conflict  between  the  tendencies  of  attacking  and  fleeing, 
are  characterized  by  the  widest  spreading  of  the  Things.  I  have  ob¬ 
served  single,  rapid  flicks  of  the  tail  in  sharptails  of  both  sexes, 
usually  before  the  occurrence  of  escape  behavior.  Females  with  broods 
often  flicked  their  tail  feathers  rapidly  when  I  approached  them. 

These  females  appeared  to  be  in  a  conflict  situation:  they  alternated 
between  running  towards  and  away  from  the  threatening  object. 
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Because  of  the  similarity  between  the  postures  associated 
with  dancing  and  threats,  it  is  possible  that  one  of  these  postures 
was  derived  from  the  other.  When  the  out spread -wing  posture  was  first 
developed,  it  may  have  been  used  only  as  a  threat  between  cocks;  the 
use  of  this  posture  in  courtship  could  have  begun  much  later.  This 
would  not  represent  an  example  of  ritualization,  however,  as  the  out¬ 
stretched  wings  are  functional  in  both  threat  and  courtship  behavior. 

It  is  also  possible  that  the  postures  characteristic  of  threats 
and  courtship  arose  simultaneously,  as  a  result  of  the  conflicts  common 
to  both  types  of  behavior.  Also,  the  threat  postures  could  have  been 
derived  from  those  associated  with  courtship.  I  think  it  is  most  pro¬ 
bable  that  these  postures  originally  functioned  as  threats,  but  I  do 
not  have  sufficient  data  on  this  aspect  of  sharptail  behavior  to  warrant 
any  definite  conclusions. 

Regardless  of  the  origin  of  these  various  display  characters, 
it  is  necessary  to  consider  their  significance  in  terms  of  the  dancing 
ground  organization  as  it  exists  at  the  present  time.  One  of  the  more 
striking  features  of  the  dancing  ground  display  during  the  times  when 
females  are  present  is  the  intensity  with  which  the  cocks  perform,  and 
the  extent  to  which  they  direct  their  activities  towards  those  females 
which  are  on  or  near  their  territories.  The  regularity  with  which  these 
two  features  of  the  display  are  combined  lends  support  to  the  commonly 
held  view  (Darling,  1952;  Emlen,  1955;  Huxley,  1938;  Tinbergen,  1951) 
that  one  of  the  major  functions  of  courtship  display  is  to  stimulate  the 


W  rased  &v£ri  ypm  $1  , 

■  . 

V. 

■  • 

■ 

- 


■ 

■t  -?v5  r.  -  '.X-  ■/  K  : ;  ■  ,<  .v 

" 

••  -  .+  8©i  .  -  ■  I,-?:  ■  wi.!',  ^Sflj  ... 

;T!;;v  i.  ;■  V  .  ;  :;*t  :;  ’  ,  ■;  ,  -  ■■;.■.»  a;  {!  '  ;d  . 

r-*°  3r  1  <*’  ■  -r:  ’fi»  ^.iataci  -  ■  *£,.:■  r,  -•».  a.nui)*'  owtf 

. 

'  '  ■  ?;j'  f  -<■'  ;a  :>  ,  . . »♦  3:.  uo  im'.t 


113 


females.  This  stimulation  is  thought  to  synchronize  the  physiological 
and  psyc ho logical  states  of  the  two  sexes  so  that  successful  copulations 
can  occur.  According  to  Darling  (1952),  the  stimulating  effect  of  the 
highly  developed  displays  of  birds  such  as  the  Black  Grouse  ( Lyrurus 
tetrix)  and  the  prairie  chicken  (Tympanuchus  spp.)  are  probably  necessary 
for  successful  reproduction. 

Because  Sharp-tailed  Grouse  cocks  normally  dance  in  proximity 
to  several  others,  it  is  possible  that  the  display  may  stimulate  the 
cocks  as  well  as  the  females.  Darling  (I939j  quoted  by  Hamerstrom, 

1940)  has  suggested  that  this  is  usually  true  of  coirmunal  displays. 
Hamerstrom  (1940)  suggested  that  the  stimulating  effect  of  the  booming 
ground  display  of  the  Greater  Prairie  Chicken  may  be  necessary  to 
produce  the  final  breeding  readiness  of  the  cocks  in  this  species.  I 
did  not  obtain  any  evidence  from  the  dancing  grounds  at  either  Bodo 
or  Wanham  which  would  indicate  that  the  breeding  condition  of  Sharp¬ 
tailed  Grouse  cocks  depends  on  the  display  of  other  cocks.  It  is 
probable,  however,  that  the  visual  and  auditory  stimuli  produced  by 
the  cocks  tends  to  maintain  normal  levels  of  display.  Grange  (1950) 
reached  a  conclusion  which  is  in  agreement  with  thir  suggestion. 

Grange  attributed  the  low  level  of  activity  on  the  dancing  grounds 
in  Wisconsin  during  the  period  from  1944  to  1947  to  the  small  numbers 
of  cocks  present  on  the  grounds  at  that  time. 

Although  the  main  significance  of  the  Sharp-tailed  Grouse  display 
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appears  to  be  in  stimulating,  synchronizing,  and  releasing  sexual  beha¬ 
vior,  it  is  also  thought  to  serve  other  functions.  Several  authors 
(e.g.,Hart  et  al. ,  1950  j  Grange,  1950;  Peterle,  1954)  consider  that  one 
of  the  major  functions  of  the  displajr  is  to  attract  and  direct  the  females 
to  the  dancing  grounds.  In  addition,  the  occurrence  of  dancing  when  no 
females  are  present  indicates  that  this  display  may  contribute  to  the 
threat  and  aggressive  behavior  patterns  responsible  for  the  maintenance 
of  stable  territorial  and  social  relationships  between  the  cocks. 

Social  organization 

According  to  Nice  (1941),  the  areas  on  the  dancing  ground  that 
are  defended  by  Sharp-tailed  Grouse  cocks  are  sexual  territories,  or  mating 
stations.  Nice  believes,  in  agreement  with  Noble  (1939),  that  the  major 
function  of  such  a  sexual  territory  is  to  enable  bonds  to  be  formed  be¬ 
tween  the  sexes  prior  to  mating.  The  territory  of  the  master  cock  appears 
to  serve  this  function,  as  it  enables  the  females  to  spend  several 
mornings  near  the  master  cock  before  mating  occurs.  The  territories  of 
the  sub-dominant  cocks,  on  the  other  hand,  are  only  potential  mating 
spots.  A  female  rarely  remains  on  any  one  of  these  areas  for  a  time 
sufficient  to  establish  the  necessary  bond  with  the  territory  holder, 
hence  mating  does  not  occur. 

Dancing  ground  territories  also  provide  a  means  of  preventing 
interference  with  coition.  A  similar  function  for  the  territories  of 
Black  Grouse  was  suggested  by  Selous  (1928).  Although  interference 
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with  copulations  is  common  when  there  are  few  females  on  the  ground,  it 
is  evident  that  even  at  these  times  the  spacing  of  the  cocks  does  tend 
to  reduce  the  amount  of  interference.  If  no  territorial  organization 
occurred  on  the  dancing  grounds,  competition  between  cocks  for  a  given 
female  would  be  greater.  If  all  of  the  cocks  were  free  to  move  across 
the  ground  at  will,  there  would  be  many,  rather  than  only  two  or  three, 
potential  rivals  to  interfere  with  mating. 

Another  important  feature  of  Sharp-tailed  Grouse  territories 
is  that  they  enable  the  master  cock  to  keep  rivals  at  a  distance,  and 
to  keep  several  females  near  him  during  most  of  the  time  that  they  are 
on  the  dancing  ground.  The  maintenance  of  several  females  on  the  terri¬ 
tory  of  the  master  cock,  in  turn,  provides  the  basis  for  the  polygynous 
nature  of  reproduction  in  this  species. 

The  existence  of  well  defined  and  stable  territories  indicates 
that  there  are  strong  selective  forces  tending  to  favor  the  behavior 
patterns  responsible  for  this  form  of  social  organization.  Territories 
are  not  essential  for  the  stimulatory  function  of  communal  displays, 
hence  I  do  not  think  that  the  reproductive  advantage  gained  by  this 
stimulation  is  a  major  factor  underlying  territoriality.  Reduction  in 
interference  during  matings  could  provide  sufficient  selection  pressure 
to  cause  the  cocks  to  maintain  territories,  but  in  view  of  the  success¬ 
ful  matings  that  occurred  even  when  the  master  cock  was  attacked,  I  do 
not  think  that  this  would  be  the  most  important  factor. 

The  data  obtained  at  Bodo  indicate  that  the  main  selective 
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forces  favoring  territoriality  are  closely  linked  to  those  responsible 
for  almost  the  entire  social  organization  of  the  cocks  on  the  dancing 
ground.  The  strength  of  each  of  these  selective  forces  is,  in  turn, 
related  to  the  variations  in  social  behavior  that  determine  which  of  the 
cocks  will  leave  the  greatest  number  of  progeny. 

Because  sharptails  are  polygynous,  and  since  maintenance  of 
a  territory  appears  to  be  essential  to  this  form  of  reproduction  in  this 
species,  there  would  be  a  strong  selection  pressure  favoring  territoria¬ 
lity.  The  master  cock,  who  would  presumably  be  the  most  capable  of  de¬ 
fending  his  territory,  leaves  the  greatest  number  of  progeny.  Hence, 
the  tendency  to  maintain  rigid  territories  would  occur  in  subsequent 
generations.  Since  the  master  cock  probably  reaches  the  center  of  the 
ground  by  displacing  the  previous  master  cock,  or  by  competing  with 
other  cocks  for  the  position  if  it  is  vacant,  there  would  be  a  selection 
pressure  favoring  the  tendency  of  cocks  to  move  towards  the  center  of 
the  ground.  If  the  master  cock  defended  a  large  territory,  he  would 
be  able  to  keep  more  mates  within  his  territorial  boundary.  A  large 
territory  would  also  reduce  the  amount  of  interference  with  matings. 
Because  of  these  two  factors,  there  would  be  a  tendency  on  the  part 
of  the  cocks  to  maintain  large  territories.  The  benefits  to  the  entire 
species  resulting  from  a  communal  display  would  tend  to  keep  the  terri¬ 
tories  from  getting  so  large  that  the  social  organization  characteristic 
of  the  dancing  ground  would  not  be  possible.  Another  character  which 
would  be  subject  to  strong  selection  pressure  is  the  ability  of  the  cocks 
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to  keep  females  on  their  territory.  I  do  not  know  what  behavioral  acts 
are  responsible  for  this  character,  but  the  aggressiveness  and  dominance 
of  the  cock,  the  vigor  of  a  cock  as  shown  by  the  distance  moved  while 
"herding"  the  females  on  his  territory,  and  the  intensity  of  a  cock’s 
display  are  probably  important.  It  is  probable  that  the  most  vigorous 
displays  would  be  the  most  effective  in  stimulating  females  and  causing 
them  to  squat  for  mating.  This  would  provide  the  selection  pressure 
necessary  to  maintain  the  intricate  behavior  patterns  of  the  courtship 
display. 

If  these  selective  forces  are  still  in  operation,  as  I  believe 
them  to  be,  then  it  is  probable  that  the  courtship  and  mating  behavior 
of  the  Sharp-tailed  Grouse  will  continue  to  evolve  towards  greater 
social  complexity.  This  trend  should  continue  until  further  reproduc¬ 
tive  advantages  which  might  be  gained  by  the  master  cocks  would  be 
det ♦'/mental  to  the  species  as  a  whole.  An  approximate  measure  of  the 
extent  to  which  the  social  behavior  of  the  sharptail  has  evolved,  and 
the  direction  that  it  may  take  in  the  future,  may  be  obtained  by  com¬ 
paring  this  species  with  two  other  closely  related  species:  the  Greater 
Prairie  Chicken,  and  the  Sage  Grouse. 

Comparison  between  these  three  species  indicates  that  the 
social  behavior  of  the  Sharp-tailed  Grouse  is  slightly  more  complex 
than  that  of  the  Greater  Prairie  Chicken,  but  less  complex  than  that 
of  the  Sage  Grouse  (Scott,  1950).  Hamerstrom  (1940)  found  that  the 
territories  of  the  Greater  Prairie  Chicken  were  poorly  defined,  and 
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tended  to  break  down  completely  when  females  were  present  on  the  grounds. 
Scott  (1950)  concluded  that  territories  of  the  Greater  Prairie  Chicken 
were  less  well  defined  than  those  of  either  the  sharptail  or  the  Sage 
Grouse. 

In  addition  to  differences  in  territories,  the  degree  to  which 
the  females  tend  to  be  located  on  the  territory  of  the  master  cocks  also 
varies  between  these  three  species.  The  area  used  by  female  sharptails 
at  Bodo  appears  to  represent  a  transition  between  the  large  mating  area 
of  the  prairie  chicken  (30  -  80  by  70  -  80  feet)  on  one  hand,  and  the 
restricted  mating  area  relative  to  the  total  area  of  the  strutting  ground 
of  the  Sage  Grouse  on  the  other  (Scott,  1950) .  Scott  believes  that  a 
small  proportion  of  the  cocks  are  responsible  for  matings  in  each  of  the 
three  species,  but  that  the  sage  grouse  shows  the  highest  degree  of 
polygyny.  Because  of  the  greater  concentration  of  females  on  sharptail 
as  opposed  to  prairie  chicken  grounds,  it  may  be  concluded  that  sharp- 
tails  are  more  poly^ynous  than  prairie  chickens.  This  conclusion 

is  supported  by  Hanf'erstrom’s  (1940)  suggestion  that  a  significant  pro¬ 
portion  of  prairie  chicken  matings  take  place  away  from  the  booming 
grounds . 

I  think  it  is  probable  that  the  territorial  organization  of 
dancing  grounds  and  the  proportion  of  cocks  responsible  for  matings 
in  the  Sharp-tailed  Grouse  will  tend  to  approach  the  conditions  now 
characteristic  of  the  Sage  Grouse.  The  dance  and  threat  postures  of 
the  sharptail,  on  the  other  hand,  appear  to  be  diverging.  In  Sage 
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Grouse,  the  cocks  are  significantly  larger  than  the  females.  This 
sexual  dimorphism  is  a  typical  result  of  polygyny:  the  largest  cocks 
tend  to  be  the  most  dominant,  hence  there  is  a  high  probability  that 
they  will  become  master  cocks  and  leave  progeny.  The  lack  of  extreme 
sexual  dimorphism  in  sharptails  indicates  that  dominance  is  based 
on  agonistic  behavior  that  is  independent  of  the  size  of  the  rival 
cocks.  If  this  is  true,  then  the  behavior  of  Sharp-tailed  Grouse  cocks 
on  the  dancing  grounds  should  become  more  intense:  there  should  be 
increases  in  the  amount  of  dancing  and  in  the  effectiveness  of  threat 
postures. 
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SUMMARY 

The  courtship  and  mating  behavior  of  the  Sharp-tailed  Grouse, 
(Pedioecetes  phasianellus  .jamesi  Lincoln)  was  studied  on  areas  located 
near  Bodo  and  Wanham,  Alberta,  during  the  spring  and  summer  months  of 
195S,  1959?  and  I960.  Both  study  areas  contained  cultivated  land  and 
stands  of  Aspen  Poplar  ( Populus  tremuloides ) .  These  two  habitat  types 
were  interspersed  on  the  Wanham  study  area,  which  was  considered  to 
contain  excellent  Sharp-tailed  Grouse  habitat.  At  Bodo,  large  tracts 
of  overgrazed  pasture,  containing  species  of  Symphorocarpos ,  Elaeagnus , 
Rosa,  and  Artemesia,  were  correlated  with  a  population  density  that  was 
only  one-fifth  the  density  at  Wanham. 

The  density  of  dancing  grounds  on  the  nine  square  mile  study 
area  at  Bodo  was  less  than  one-fifth  the  density  on  the  six  square  mile 
study  area  at  Wanham.  Dancing  grounds  were  usually  located  on  dry, 
open,  slightly  elevated  sites.  The  number  of  males  present  on  the 
dancing  grounds  varied  from  one  to  39. 

Males  were  trapped  with  mist  nets  on  two  of  the  dancing  grounds 
at  Bodo.  Females  were  trapped  either  by  placing  a  funnel-type  trap 
between  them  and  their  broods,  or  by  placing  a  similar  trap  over  their 
nests.  All  of  the  trapped  birds  were  banded  both  with  aluminum  leg 
bands,  and  with  colored  plastic  neck  bands.  The  use  of  different  color 
combinations  made  it  possible  to  recognize  different  individuals. 

Colored  pegs  were  placed  on  the  dancing  grounds  so  that  the  movements 
of  the  cocks  could  be  accurately  recorded. 
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Behavior  patterns  characteristic  of  the  courtship  display  were 
found  to  be  of  seven  types,  the  most  important  being  the  dance  and  threat 
postures.  The  similarity  between  the  postures  associated  with  the  dance 
and  threats  indicated  that  they  were  of  common  origin.  It  was  suggested 
that  the  males'  colored  air  sacs  and  eye  patches,  which  are  prominent 
during  both  the  dance  and  the  more  intense  threats,  were  originally  the 
outcome  of  the  sympathetic  nervous  system  activity  that  accompanies 
conflict  situations  arising  out  of  interactions  between  individuals.  The 
outstretched  wing  posture  present  both  in  the  dance  and  in  most  threats 
contains  elements  common  to  behavior  associated  with  similar  conflict 
situations.  It  was  concluded  that  the  main  significance  of  the  dance 
was  to  stimulate  the  females  before  copulation. 

During  April,  May,  and  June,  the  number  of  cocks  on  each  dancing 
ground  at  Bodo  usually  remained  constant  both  from  day  to  day  and  during 
the  morning  and  evening  display  periods.  Maximum  numbers  of  females 
were  present  in  late  April  and  early  May.  Most  females  came  to  the 
dancing  grounds  about  45  minutes  after  the  arrival  of  the  males.  In 
July  and  August,  the  dancing  grounds  were  deserted,  but  they  were 
again  used,  by  the  cocks,  in  September. 

When  the  cocks  arrived  on  the  dancing  grounds,  they  danced 
vigorously  for  a  brief  period,  after  which  they  usually  remained 
quiescent  until  the  females  appeared.  The  presence  of  females  was 
the  most  important  factor  governing  the  intensity  and  duration  of  the 
dance.  The  presence  of  females  also  produced  increases  in  the  rate 
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at  which  interactions  occurred  between  cocks,  and  in  the  distance  moved 
by  each  cock.  A  diagram  was  used  to  show  that  the  proportion  of  dances 
which  are  done  when  a  cock  is  not  paired  with  another  may  be  predicted 
if  the  frequencies  of  paired  interactions  and  full  stops  while  the  cocks 
are  not  paired  with  others  are  known. 

The  males  defended  territories  on  the  dancing  grounds.  These 
territories,  which  ranged  in  size  from  147  to  1,870  square  feet,  were 
usually  stable  during  the  mating  season,  and  were  often  used  for  more 
than  one  year  by  the  same  individuals.  Instances  in  which  locations  of 
territories  were  altered  were  attributed  mainly  to  the  tendency  of  the 
cocks  either  to  enlarge  their  territories  or  to  shift  their  position 
closer  to  the  center  of  the  dancing  ground.  It  was  concluded  that  the 
stability  of  the  territories  depended  mainly  on  the  degree  to  which 
the  cocks  had  become  conditioned  to  them.  Territory  size  appeared  to 
be  a  function  of  dominance.  Males  that  directed  many  interactions 
towards  the  center  of  the  ground,  where  the  most  dominant  cocks  were 
located,  had  the  smallest  territories .  There  appeared  to  be  a  domi¬ 
nance  hierarchy  radiating  outwards  from  the  center  of  each  dancing 
ground,  i.e.,  from  the  territory  of  the  master  cock. 

The  females  appeared  to  move  across  the  dancing  grounds  at 
random,  but  the  tendency  of  the  cocks  to  "herd"  the  females  that  were 
on  their  territories  indicated  that  the  direction  of  movements  of  the 
females  were  actually  governed  mainly  by  the  males.  The  males  danced 
around  the  females,  as  if  attempting  to  keep  them  from  moving  away. 
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The  greatest  concentration  of  females  occurred  on  the  territory  of  the 
master  cock.  Nineteen  of  the  twenty  copulations  that  were  observed  on 
on  the  dancing  grounds  at  Bodo  were  performed  by  the  master  cock,  hence 
it  was  concluded  that  Sharp-tailed  Grouse  are  polygynous.  The  master 
cock  was  not  usually  attacked  while  mounting,  but  exceptions  occurred 
in  late  May,  when  the  number  of  females  present  was  small.  The  number 
of  matings  per  female  present  was  greater  in  late  May  than  earlier  in 
the  spring,  during  the  mating  peak.  This  difference  was  attributed  to 
higher  estrogen  levels  in  the  females  that  came  to  the  dancing  grounds 
in  late  May  after  their  first  nests  were  deserted  or  destroyed.  Because 
of  the  polygynous  nature  of  mating,  it  was  suggested  that  the  major 
selective  forces  acting  on  the  social  behavior  of  Sharp-tailed  Grouse 
are  those  aspects  of  this  same  social  behavior  that  enable  the  master 
cocks  to  mate  with  a  large  proportion  of  the  females. 
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Appendix  I 

Sample  of  data  sheet,  used  to  record  behavior  data  of 
Sharp-tailed  Grouse  on  the  dancing  grounds. 
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Territories  of  Sharp-tailed  Grouse  cocks  present  on  Dancing  Ground  8,  Bodo, 
in  the  spring  of  I960. 


Location  of  interactions  used  to  map  territories  =  dots. 
Areas  of  interaction  *  cross-hatched  areas. 

Areas  of  aggression  *  areas  with  short  verticle  lines. 
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See  previous  page  for  meaning  of  symbols. 
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Appendix  III.  Number  of  cock  Sharp-tailed  Grouse  present  on  Dancing 


Date  Dancing  Time  of  _ Minutes  after  arrival 


ground 

arrival 

0 

10 

20 

30 

40 

50 

60 

70 

80 

I960 

April  23 

8 

4:28  A.M. 

*_ 

20 

20 

20 

2 

- 

18 

18 

18 

24 

8 

4:25 

- 

20 

20 

20 

20 

20 

20 

20 

20 

28 

12 

4:10 

- 

20 

20 

20 

20 

20 

20 

20 

20 

29 

12 

4:00 

- 

22 

22 

22 

22 

22 

22 

22 

22 

May  1 

12 

3:55 

- 

21 

21 

21 

21 

21 

21 

21 

21 

2 

12 

3:46 

- 

21 

21 

21 

21 

21 

21 

21 

21 

3 

8 

3:45 

- 

# 

- 

- 

- 

18 

18 

18 

18 

5 

8 

3:45 

- 

16 

17 

17 

17 

17 

17 

17 

17 

6 

8 

3:44 

- 

16 

16 

16 

16 

16 

17 

17 

17 

7 

8 

3:48 

- 

17 

17 

17 

17 

17 

17 

17 

17 

Totals  -  173  174  174  156  172  191  191  191 
Average  192  19.2  19.2  17.4  19.2  191  191  19.1 


*  Flushed  by  observer,  or  else  no  data  saved.  Not  considered  in 
calculations  of  average  values . 
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Grounds  8  and  12  at  successive  10  minute  intervals  after  arrival. 


90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

18 

20 

20 

20 

20 

17 

20 

20 

20 

18 

18 

19 

20 

4 

20 

20 

20 

20 

20 

20 

* 

20 

20 

20 

20 

20 

20 

20 

21 

10 

20 

20 

20 

0 

0 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

16 

13 

13 

* 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

- 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

* 

- 

18 

18 

18 

18 

17 

18 

18 

18 

18 

12 

12 

- 

- 

16 

16 

16 

15 

15 

15 

16 

1 

16 

16 

15 

* 

- 

- 

17 

17 

17 

17 

17 

17 

17 

17 

17 

16 

16 

* 

- 

- 

17 

17 

17 

17 

17 

17 

17 

17 

* 

- 

- 

- 

- 

- 

191 

193 

193 

192 

191 

187 

172 

158 

145 

146 

139 

94 

33 

4 

19.1 

19.3 

19.3 

19.2 

19.1 

18.9 

19.2 

17.4 

18.1 

18.1 

17.4 

18.8 

11 

2 

Appendix  III  (cont’d.)  Number  of  female  Sharp-tailed  Grouse  present  on  Dancing  Grounds  8  and 

12,  at  successive  10  minute  intervals  after  the  arrival  of  the  males. 
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